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© Hydraulic control apparatus for belt-and-pulley type continuously variable transmission, 
incorporating means for optimizing belt tensioning pressure. 
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© A hydraulic control apparatus for a vehicle con- 
tinuously variable transmission including a pressure 
regulating valve (102) having a valve spool; (110) 
which operates depending upon a determined cur- 
rent speed ratio of the transmission and a currently 
detected required output of the vehicle engine, to 
generate a controlled belt tensioning pressure (P12) 
for controlling the tension of a transmission belt (44) 
at a required minimum level, me apparatus further 
includes a device (346, 500) responsive to an elec- 
tric signal, for generating a pilot pressure j[Psol4, 
PsolL) to be applied to the valve, and an electronic 
control device (460) for calculating a basic output 



pressure of the valve, based on the current speed 
ratio and the currently required output, according to 
a stored relationship among these two parameters 
and the basic output Pressure, to determine the 
electric signal, based on the basic output pressure 
and an optimum value of the belt tensioning pres- 
sure, for coincidence of the belt tensioning pressure 
with the optimum value. 
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© Hydraulic control apparatus for belt-and-bulley type continuously variable transmission, 
incorporating means for optimizing belt tensioning pressure. 



CM 
< 

CM 
CM 



LU 



@ A hydraulic control apparatus for a vehicle continuously variable transmission including a pressure regulating 
valve (102) having a valve spool (110) which operates depending upon a determined current speed ratio of the 
transmission and a currently detected required output of the vehicle engine, to generate- a controlled belt 
tensioning pressure (Pt2) for controlling the tension of a transmission belt (44) at a required minimum level. The 
apparatus further includes a device (346, 500) Responsive to an electric signal, for generating a pilot pressure 
(Psol4, PsolL) to be applied to. the valve, arid an electronic control device (460) for calculating a basic output 
pressure of the valve, based on the current spe;ed ratio, and the currently required output, according to a stored 
relationship among these two parameters and the basic output Pressure, to determine the electric signal, based 
on the basic output pressure and an optimum value of the belt tensioning pressure, for coincidence of the belt 
tensioning pressure with the optimum value. 
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HYDRAULIC CONTROL APPARATUS FOR BELT-AND-PULLEY TYPE CONTINUOUSLY VARIABLE TRANS- 
MISSION, INCORPORATING MEANS -FOR OPTIMIZING BELT TENSIONING PRESSURE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a hydraulic control apparatus for controlling a hydraulically operated 
continuously variable transmission of belt-and-pulley type used for a motor vehicle. 

Discussion of the Prior Art I 

w A belt-and-pulley type continuously variable transmission whose speed ratio is continuously variable is 
known as a transmission incorporated in a power transmitting system for a motor vehicle. This continuously 
variable transmission includes a first and a second shaft, a pair of variable-diameter pulleys provided on the 
first and second shafts, respectively, a belt connecting the pulleys for transmitting power therebetween, and 
a par of hydraulic actuators for changing effective diameters of the pulleys. An .example of a hydraulic 
75 control apparatus for such a belt-and-pullevj type continuously variable transmission is disclosed in laid- 
open Publication No. 64-49755 of unexamined Japanese Patent Application. In the hydraulic control 
apparatus disclosed in this publication, the line pressure of the hydraulic system for controlling the tension 
of the transmission belt of the transmission, ji.e., the belt tensioning pressure is regulated so as to change 
with the speed ratio of the transmission, by a pressure regulating valve. The pressure regulating valve 
20 regulates the belt tensioning pressure, basejd on a required output pressure and a speed-ratio pressure, 
such that the rate of change in the belt tensioning pressure varies along a straight line which is bent at a 
point corresponding to a specific value of the speed ratio of the transmission. Namely, the rate of change in 
the belt tensioning pressure changes whenjthe speed ratio reaches a certain value. The required output 
pressure .represents the currently required output of the engine, while the speed-ratio pressure represents 
25 the currently detected speed ratio of the transmission. The hydraulic control apparatus including such a 
pressure regulating valve is comparatively ; economical to manufacture and reliable in operation, while 
assuring adequate regulation of the belt tensioning pressure such that the belt tensioning pressure almost 
follows an optimum relationship with a changb in the speed ratio. 

The above-indicated optimum relationship between the belt tensioning pressure (tension of the belt) and 
30 the speed ratio of the transmission is desirably formulated to maintain the belt tension at a required 
minimum level. In this case, the optimum relationship is represented by a curve, rather than a bent straight 
line which the pressure regulating valve of the known hydraulic control apparatus substantially follows as 
described above. When the belt tensioning! pressure is regulated along the straight line rather than the 
optimum curvei, the belt tensioning pressure itends to be unnecessarily higher than the optimum level under 
35 certain conditions, resulting in a failure to ^effectively minimize the power loss of the oil pump of the 
transmission hydraulic system which is driveii by the engine of the vehicle. 

SUMMARY OF THE INVENTION 

40 It is therefore an object of the present invention to provide a hydraulic control apparatus for controlling a 
hydraulically operated belt-and-pulley typei transmission for a motor vehide, which permits the belt 
tensioning pressure to be regulated such trVat the regulated pressure is kept as close as possible to the 
nominal optimum level. ! 

The above object may be achieved according to the principle of the present invention, which provides a 

45 hydraulic control apparatus for controlling aijhydraulically operated continuously variable transmission of a 
motor vehicle having an engine, said transmission including a first and a second shaft, a pair of variable- 
diameter pulleys provided on said first and second shafts, respectively, a transmission belt connecting the 
pair of pulleys, and a pair of hydraulic abators for changing effective diameters of said pulleys for 
continuously variably changing a speed ratio of the transmission, the hydraulic control apparatus compris- 

so ing: (a) speed-ratio determining means for determining a current speed ratio of the transmission; (b) engine- 
output detecting means for detecting a currently required output of the engine; (c) a pressure regulating 
valve including a valve spool which operates depending upon the current speed ratio and the currently 
required output, the pressure regulating valve generating a belt tensioning pressure for controlling a tension 
of the transmission belt at a required minimum level according to an operation of the valve spool; (d) pilot- 
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pressure generating means responsive to an electric signal, for generating a pilot pressure (Psol4, PsolL) 
which is applied to the pressure regulating valve to regulate the belt tensioning pressure; and (e) an 
electronic control device including a memoriy for storing a predetermined relationship among the current 
speed ratio, the currently required output and a basic output pressure of the pressure regulating valve, the 
5 electronic control device including means for calculating the basic output pressure, based on the current 
speed ratio and the currently required outpdt, according to the predetermined relationship, and means for 
determining the electric signal to be applied :to the pilot-pressure generating means to thereby regulate the 
belt tensioning pressure, based on the basip output pressure and an optimum value of the belt tensioning 
pressure such that the belt tensioning pressure coincides with the optimum value. 

10 In the hydraulic control apparatus constructed according to the present invention as described above, 
the electric signal generated by the pilot-prejssure generating means is controlled by the electronic control 
device such that a difference between the basic output pressure of the pressure regulating valve and the 
optimum value is zeroed, whereby the belt tensioning pressure generated by the pressure regulating valve 
which receives the pilot pressure generated by the pilot-pressure generating means may be controlled to 

is the optimum value. As a result, the belt tensioning pressure will not rise to an unnecessarily high level at 
any time during operation of the transmission. Accordingly, the power loss of the vehicle engine is 
effectively minimized, and the durability or life expectancy of the transmission belt is improved. 

The pilot-pressure generating means may be a solenoid-operated valve which is turned on and off with 
a controlled duty cycle, to change the pilot pressure with the duty cycle. The duty cycle of the solenoid- 

20 operated valve is controlled by the drive Signal applied to the valve. Alternatively, the pilot-pressure 
generating means may be a linear solenoidtoperated valve which is activated with an analog drive signal 
such as a drive current. The magnitude of the analog drive signal is changed to change the pilot pressure. . 

The speed ratio of the transmission may be represented by a speed-ratio pressure generated by a 
speed-ratio sensing valve, which may be adapted to release the belt tensioning pressure as the speed ratio 

25 changes. The currently required output of the engine may be represented by a throttle pressure generated 
by a throttle sensing valve which detects an Jangle of opening of the throttle valve of the engine. The valve 
spool of the pressure regulating valve may be adapted to receive the speed-ratio pressure and the throttle 
pressure such that the belt tensioning pressure increases with an increase in the throttle pressure and 
decreases with an increase in the speed-ratio' pressure. 

30 The electronic control device may include means for determining an output torque of the engine or an 
input torque of the transmission based on the speed of the engine and the currently required output of the 
engine. In this case, the optimum value of the belt tensioning pressure is determined or calculated based on 
the determined torque of the engine or transmission and the speed ratio of the transmission. 

35 BRIEF DESCRIPTION OF THE DRAWINGS j 

The above and optional objects, features and advantages of the present invention will become more 
apparent by reading the following detailed description of presently preferred embodiments of the present 
invention, when considered in conjunction with the accompanying drawings, in which: 
40 Fig. 1 is a schematic view of a vehicle; power transmitting system including a continuously variable 
transmission, which is equipped with a hydraulic control apparatus constructed according to one 
embodiment of the present invention; 

Fig. 2 is a hydraulic circuit diagram showing the hydraulic control apparatus adapted to control the power 
transmitting system of Fig. t ; 
45 Fig. 3 is a view illustrating in detail a second pressure regulating valve incorporated in the apparatus of 
Fig. 2; ] 

Fig. 4 is a view illustrating in detail a firs! pressure regulating valve also incorporated in the apparatus of 
Fig. 2; I 

Fig. 5 is a graph indicating an output ; characteristic of a throttle sensing valve incorporated in the 
50 apparatus of Fig. 2; | 

Fig. 6 is a graph indicating an output characteristic of a speed-ratio sensing valve incorporated in the 
apparatus of Fig. 2; 

Fig. -7 is a graph showing an output characteristic of the second pressure regulating valve of Fig. 3; 
Rg. 8 is a graph showing an ideal relationship of a second line pressure of the apparatus of Fig. 2 with a 
55 speed ratio of a CVT of the power transmitting system and an opening angle of a throttle valve of the 
vehicle; 

Fig. 9 is a view indicating a relationship; between on-off states of a first and a second solenoid valve of 
the valve assembly of Fig. 2 and a shifting mode of the CVT; 
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Figs. 10, 11 and 12 are graphs indicating relationships between the speed ratio of the CVT and hydraulic 
pressures at different locations of the apparatus of Fig. 1 , where the vehicle is running in normal, engine- 
brake and non-load running conditions, respectively; 

Fig. 13 is a graph indicating an output characteristic of the first pressure regulating valve of Fig. 4, i.e., a 
5 relationship between a first line pressure and a second line pressure or a pressure in a first hydraulic . 
cylinder of the CVT; 

Fig. 14 is a graph indicating a relationship between the duty cycle of a fourth solenoid-operated valve of 
the apparatus of Fig. 2 and a pilot pressure continuously changed with the duty cycle; 
Fig. 15 is a view indicating a relationship between the duty cycle of the fourth solenoid valve and a fourth 
70 line pressure continuously changed with the duty cycle; 

Fig. 16 is a view indicating the second line pressure which varies with the running speed of the vehicle 
(centrifugal hydraulic pressure increase of the hydraulic actuator); 

Fig. 17 is a view indicating a relationships between hydraulic control modes A through E of the apparatus 
of Rg. 1 and different combinations of states of third and fourth solenoid valves; 
75 Rg. 18 is a flow chart illustrating a belt tension regulating routine implemented by an electronic control 
device used for the hydraulic control apparatus of Rg. 1 ; 

Rg. 19 is a view indicating a relationship stored in the electronic control device, between the engine 
output torque and speed; 

Rg. 20 is a view indicating a basic output pressure of the second pressure regulating valve of Rg. 2, and 
20 ain optimum belt tensioning pressure which is lowered due to the centrifugal hydraulic pressure increase 
of the hydraulic actuator, in relation to the vehicle running speed; 

Rg. 21 is a view indicating the basic output pressure of the second pressure regulating valve and the 
optimum belt tensioning pressure, in relation to the speed ratio of the transmission and the throttle 
opening angle; ■ i 

25 Rg. 22 is a flow chart illustrating a routine for estimating the basic output pressure used in the belt 
tension regulating routine of Rg. 18 

Rg. 23 is a view indicating a relationship between the logarithm of the speed ratio and a value obtained 
from a corresponding equation of approximation; 

Rgs. 24 and 25 are views showing relationships mapi(flth) and map2(0th) used in the basic output 
30 pressure estimating routine of Rg. 22; 

Rg. 26 is a view showing a relationship between a drive signal lso!4 applied to the fourth solenoid- 
operated valve of Fig. 2. and a lowered pressure Pdown of the second line pressure which varies with a 
pilot pressure generated by this solenoid-joperaited valve; 

Rg. 27 is a view indicating the basic output pressure in relation to the transmission speed ratio; 
35 Rg. 28 is a flow chart illustrating a routine for determining the drive signal Isbl4 applied to the fourth 
solenoid-operated valve of Rg. 2; 

Rg. 29 is a view indicating a relationship used in the routine of Rg. 28; 

Rg. 30 is a flow chart illustrating ia routine for determining the basic output pressure of the second 
pressure regulating valve in another embodiment of the invention, when the vehicle is running with a 
40 negative engine torque; j 

Rg. 31 is a view indicating a relationshipijused in the routine of Fig. 30; 

Rg. 32 is a portion of a hydraulic circuit qliagram illustrating another embodiment of the invention; 

Rg. 33 is a flow chart illustrating a routihe for adjusting the belt tensioning pressure in the embodiment 

of Rg. 32; 

45 Rg. 34 is a timing chart explaining the routine of Rg. 33; 

Rg. 35 is a view corresponding to that of jRg. 33, illustrating a further embodiment of the invention; 

Rg. 36 is a view corresponding to that 6f| Rg. 2, showing a still further embodiment of this invention; 

Rg ; 37 is a view indicating hydraulic control modes in the embodiment of Rg. 36; 

Fig. 38 is a view showing the second pressure regulating valve used in the embodiment of Rg. 36; 
50 Rg. 39 is a view showing in enlargement^ linear solenoid valve used in the embodiment of Rg. 36; 

Rg. 40 is a graph indicating an operating; characteristic of the linear solenoid valve of Rg. 39; 

Rg. 41 is a flow chart illustrating an operation of the embodiment of Fig. 36; 

Figs. 42 and 43 are views indicating relationships used in the flow chart of Fig. 41; 

Rgs. 44, 45 and 46 are views explaining the operation of Rg. 41, Rg. 44 relating to a case where an 
55 ideal belt tensioning pressure Popt is iabove an inclined straight line indicative of the speed ratio 

pressure, and Rgs. 45 and 46 relating to cases where the ideal belt tensioning pressure is below the 

inclined straight line; { 

Fig. 47 is a portion of a flow chart showihg another embodiment of the invention alternative to that of Fig. 
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41; 

Rg. 48 is a view explaining an operation of the embodiment of Fig. 47; 

Fig. 49 is a portion of a flow chart showihg a further embodiment of the invention alternative to that of 
Fig. 41; 

Figs. 50 and 51 are views showing relationships used in the embodiment of Fig. 49; 

Figs. 52, 57 and 58 are views showing othjsr embodiments of the invention alternative to that of Fig. 41 ; 

Fig. 53 is a timing chart illustrating eventsjof operation in the embodiment of Fig. 52; 

Rg. 54 is a timing chart showing changes in the input torque and second line pressure of the 

transmission; ; 

Rgs. 55 and 56 are views corresponding to those of Figs. 53 and 54, showing the operation of the 
embodiment of Fig. 41; and 

Rgs. 59, 60, 61 and 62 are portions of a flow chart of yet further embodiments of the invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring first to Fig. 1, there is illustrated a power transmitting system of an automotive vehicle, for 
transmitting power from an engine 10 to drive wheels 24, 24. The power transmitting system includes: a 
fluid coupling 12 connected to the engine tO through a crankshaft 26 and equipped with a lock-up clutch 
36; a continuously variable transmission (hereinafter referred to as B CVT tt ) 14 connected to the fluid 
coupling 12; a reversing gear mechanism in jthe form of a reversing device 16 connected to the CVT 14, for 
selecting a forward or a reverse running of the vehicle; an intermediate gear device 18 connected to the 
reversing device 16; a differential gear device 20 connected to the intermediate gear device 18; and a drive 
axle 22 connected to the differential gear device 20 and drive wheels 24. 

The fluid coupling 12 includes a pump jmpeller 28 connected to the crankshaft 26 of the engine 10; a 
turbine impeller 32 which is fixed to an input shaft 30 of the CVT 14 and rotated by means of a working 
fluid from the pump impeller 28; the lock-upj> clutch 36 indicated above, which is fixed to the input shaft 30 
through a damper 34; and means for defining an engaging chamber 33 communicating with an engaging 
line 322 (which will be described), and a releasing chamber 35 communicating with a releasing line 324 
(which will be described). The fluid coupling 12, which is filled with the working fluid, is operated to effect 
engagement of the lock-up clutch 36 for direct connection of the crankshaft 26 to the input shaft 30, when 
the speed of the vehicle, engine 10 or turbine impeller 32 exceeds a predetermined value. In this case, the 
fluid is fed into the engaging chamber 33 While the fluid in the releasing chamber 35 is discharged. When 
the speed of the vehicle, engine 10 or turbine impeller 32 falls below the predetermined value, on the other 
hand, the lock-up clutch 36 is disengaged or released such that the fluid is fed into the releasing chamber 
35 and discharged from the engaging chamber 33. 

The CVT 14 has a pair of variable-diarrieter pulleys 40, 42 having a same diameter which are provided 
on the input shaft 30 and an output shaft 38, respectively. These pulleys 40, 42 are connected by a 
transmission belt 44, and have respective stationary rotors 46, 48 fixed to the respective input and output 
shafts 30, 38, and respective axially movable rotors 50, 52 which are axially movable on the respective 
shafts 30, 38 and rotated with these shafts. The movable rotors 50, 52 are moved by respective first and 
second hydraulic actuators in the form of first and second hydraulic cylinders 54, 56, whereby the effective 
widths of V grooves of the pulleys 40, 42, ie., the effective diameters engaging the belt 44 are changed, to 
change a speed ratio V of the CVT 14 (fjlin/Nout, where Nin = speed of the input shaft 30, and Nout = 
speed of the output shaft 38). . j 

Since the variable-diameter pulleys 40j 42 have the same diameter, the corresponding first and second 
hydraulic cylinders 54, 56 have a same pressure-receiving area. Generally, the tension of the transmission 
belt 44 is determined primarily by the pressure in one (hereinafter referred to as "driven side cylinder") of 
the first and second hydraulic cylinders 54, 56 which corresponds to the driven one of the pulleys 40, 42 
(hereinafter referred to as "driven side pulfey"). The driven side cylinder 54 or 56 Is supplied with a second 
line pressure Pt2 (belt tensioning pressures) which is adjusted by a second pressure regulating valve 102 
(which will be described), whereby the tehsion of the belt 44 is adjusted to within an optimum range in 
which the belt 44 does not slip on the pulleys 40, 42. 

The reversing device 16 is a well known double-pinion type planetary gear mechanism, which includes: . 
a carrier 60 fixed on an output shaft 58; a 1 pair of planetary gears 62, 64 which are rotatably supported by 
the carrier 60 and which mesh with each other; a sun gear 66 which is fixed on the input shaft 38 (output 
shaft of the CVT 14) and which meshes with the inner planetary gear 62; a ring gear 68 meshing with the 
outer planetary gear 64; a REVERSE bjrake. 70 for stopping the rotation of the ring gear 68; and a 
FORWARD clutch 72 for connecting the carrier 60 and the input shaft 38. 
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The REVERSE brake 70 and FORWARD clutch 72 are hydraulically. operated, frictionally coupling 
devices. The reversing device 16 is placed in a neutral position thereof when the brake 70 and the clutch 72 
are both in the disengaged or released positions. In this state, the reversing device 16 does not transmit 
power to the intermediate gear device 18. :When the FORWARD clutch 72 is engaged, the output shaft 38 

s (input shaft of the device 16) of the CVT 14 and the output shaft 58 of the device 16 are connected to each 
other, whereby power is transmitted from the CVT 14 to the intermediate gear device 18, so as to run the 
vehicle in the forward direction. When the REVERSE brake 70 is engaged, on the other hand, the direction 
of rotation of the output shaft 58 of the reversing device 16 is reversed with respect to the direction of 
rotation of the output shaft 38 of the CVT H whereby power is transmitted so as to run the vehicle in the 

10 reverse direction. 

Referring next to Fig. 2 showing a hydraulic control circuit for controlling the vehicle power transmitting 
system of Fig. 1 , reference numeral 74 designates an oil pump serving as a hydraulic power source of the 
hydraulic system, which constitutes a part of a hydraulic control apparatus constructed according to the 
instant embodiment of the present invention, which will be described. The oil pump 74 is connected to the 

75 pump impeller 28 of the fluid coupling 12, whereby the pump 74 is always rotated with the crankshaft 26 of 
the engine 10. In operation, the pump 74 pumps up a working fluid through a strainer 76 from a reservoir to 
which the fluid is returned. The pump 74 also communicates; with a return line 78, so that the fluid returned 
through the return line 78 is sucked into the pump 74. The pressurized fluid produced by the pump 74 is 
delivered as a first line pressure Pt 1 into a first pressure line 80. In the present embodiment, the first line 

20 pressure P£1 is regulated by an overflow olr relief type first pressure regulating valve 100. which discharges 
the fluid in the first pressure line 80 into the return line 78 and a lock-up pressure line 92. The first line 
pressure Pit is lowered by the above^indicated second pressure regulating valve 102, to produce the 
above-indicated second line pressure P12j in a second pressure line 82. The second pressure regulating 
valve 102 is of a pressure reducing type, cbntrary to the overflow type of the first pressure regulating valve 

25 100. ] 

The second pressure regulating valve 102 will be first described in detail, by reference to Fig. 3. 
This pressure regulating valve 102 includes a valve spool 110 for effecting connection and disconnec- 
tion of the first pressure line 80 to and from the second pressure line 82, a spring sheet 1 1 2, a return spring 
114, and a plunger 116. The valve spool 1;10 is provided at one axial end portion thereof remote from the 

30 plunger 116, with a first, a second and a third land 118, 120 and 122. which have different diameters. The 
first land 118 at the extreme end of the spool 110 has the smallest diameter, while the axially innermost 
third land 122 has the largest diameter. Bbtween the second and third lands 120, 122, there is formed a 
chamber 126 to which is applied as a feedback pressure the second line pressure P12 through a flow 
restrictor 124, so that the valve spool 110 js biased toward its closed position by the second line pressure 

35 PI2. Another chamber 130 is formed adjabent to the first land 118 at the above-indicated one end of the 
valve spool 110. To this chamber 130, there is applied a SPEED-RATIO pressure Pr (which will be 
described) through a flow restrictor 1 28. Thjs pressure Pr also biases the valve spool 1 1 0 toward the closed 
position. The return spring 114 disposed around the valve spool 1 10 biases the spool 110 toward its open 
position, through the spri ng sheet 1 1 2. " j 

40 Adjacent to one end of the plunger 11^6 remote from the valve spool 110, there is formed a chamber 
132 adapted to receive a THROTTLE pressure Pth (which will be described) which biases the spool 110 
toward its open position. The valve spool ; 110 is positioned under equilibrium of forces according to the 
following equation (1): 

45 P12 = (A4*Pth + W- A1 # Pr)/(A3- A2) ! (1) 

• f 

where, .j . 

A1: pressure-receiving area of the first land 118 
A2: cross sectional area of the second land 120 
so A3: cross sectional area of the third land 122 
A4: cross sectional area of the plunger 1 1 6 
W: biasing force of the return sprihgtl 1 4 

Namely, the valve spool 110 is axially moved according to the equation (1), so as to repeatedly 
alternately establish communication between a port 134a and a port 134b for permitting a flow of the fluid 
55 from the first pressure line 80 into the secdnd pressure line 82* and communication between the port 134b 
and a drain port 134c for draining the second pressure line 82 through the drain port i 34c. As a result, the 
second line pressure Pl2 is produced. Smpe the second pressure line 82 Is a closed hydraulic circuit, the 
second line pressure P£2 can be adjusted by the second pressure regulating valve 102, by lowering the 
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relatively high first line pressure P1 1, as indicated in Fig 7. ran „i atinn 
Between the first and second lands 118. 120 of the valve spool 110 of the second pressure regutetng 
valve 102, there is formed a chamber 136 adapted to receive a pilot pressure Psol4 through a second line 
pressure reducing control valve 380 which will be described. As the valve spool 110 is biased toward its 
closed position by the pilot pressure Psol4 applied to the chamber 138. the second line pressure Pt2 is 
accordingly adjusted by the pilot pressure Psol4, as discussed below in detail. 

Referring next to Fig. 4. the first pressdre regulating valve 100 will then be descnbed. This valve 100 
includes a valve spool 140, a spring sheet 142. a return spring 144, a first plunger 146. and a second 
plunger 148 whose diameter is the same as a second land 155 of the first plunger 146. The valve spool 140 

, is operated to effect selective connection and disconnection of a port 150a communicating with the first 
pressure line 80. to and from a drain port 150b or 150c. The valve spool 140 has a first land I 152 at one 
axial end thereof remote from the first and second plungers 146. 148. Adjacent to the first land 152 of the 
spool 140 there is formed a chamber 153 which receives as a feedback pressure the first line pressure m 
through a flow restrictor 151. The valve spool 140 is biased toward its open position by this ; first line 

s pressure PH. The first plunger 146. whichjis coaxial with the valve spool 140, has a first land 154 which 
cooperates with the above-indicated second land 155 to define a chamber 156 adapted to receive the 
THROTTLE pressure Pth. Between the second land 155 of the first plunger 146 and the second plunger 
148 there is formed a chamber 157 adapted to receive a pressure. Pin in the first hydraulic cyhnder 54, 
through a branch line 305. Further, a chamber 158 is formed adjacent to the end face of the second plunger 

o 148 The chamber 158 receives the second line pressure P12. The biasing force of the above-indicated 
return spring 144 acts on the valve spool !l40 through the valve sheet 142 so as to bias the spool 140 
toward its closed position. The valve spool,' 140 is positioned under equilibrium of forces according to the 
following equation (2): I 

25 Pt1 = [(Pin or Pt2)*A7 + Pth(A6 - A7) + {W]/A5 (2) 

] 

A5: pressure-receiving area of the first land 1 52 of the valve spool 1 40 
A6- cross sectional area of the first Mnd 154 of the first plunger 146 
30 A7: cross sectional area of the second land 1 55 of the first plunger 1 46 (second plunger 1 48) 
W: biasing force of the return spring] 144 

In the first pressure regulating valve 1.00. the first and second plungers 146. 148 are separated from 
each other and a thrust due to the pressure Pin in the first cylinder 54 acts on the valve spool 140 in the 
direction toward the closed position, when 1 the pressure Pin is higher than the second line pressure P 12 

ss (which is normally equal to the pressure Pout in the second cylinder 56). When the pressure Pin is ower 
than the second line pressure Pi2. the first and second plunge 146. 148 are held in abutting contact with 
each other, whereby a thrust due to the second line pressure P12 acting on the end face of he second 
plunger 148 acts on the valve spool 140;in the direction toward its closed position. That is. the second 
plunger 148 receiving the pressure Pin and the second line pressure P12 applies to the spool 140 a force 

40 based on the higher one of the pressures! Pin and P12, so that the spool 140 is biased toward its closed 
position. Between the first and second lands 152 and 159 of the valve spool 140. there is formed a chamber 
160 which is adapted to receive through a line 161 the second line pressure Pt2 from a first line pressure 
reducing control valve 440 (which will be described). The second line pressure P12 applied to the chamber 
160 acts on the valve spool 140 in a direction to redu.ee the first line pressure PH. When a shift lever 252 

45 of the vehicle is operated to a NEUTRAL' or PARKING position "N", "P", the first line pressure reducing 
control valve 440 is operated to apply thejsecond line pressure P12 to the chamber 160. to reduce the first 
line pressure PI1. as described below in detail. 

Referring back to Fig. 2. the THROTTLE pressure Pth representing an actual opening angle flth of a 
throttle valve of the engine 10 is generated by a flow restrictor sensing valve 180. Further, the SPEED- 

so RATIO pressure Pr representing an actual speed ratio X of the CVT 14 is generated by a speed-ratio 
sensing valve 182. Described specifically,! the throttle sensing valve 1 80 includes: a cam 184 rotated as the 
throttle valve is operated; a plunger 186 Which engages a cam surface of the cam 184 and which is ax.ally 
moved by a distance corresponding to an; angle of rotation of the cam 184; a spring 188; and a valve spool 
190 which receives a thrust through the spring 188 from the plunger 186, and a thrust due to the firs ine 

55 pressure PH. These two thrust forces aef on the spool 190 in the opposite directions. The valve spool 190 
is moved to a position of equilibrium of the above two thrust forces, whereby the first line pressure Pt1 is 
reduced so as to produce the THROTTLE pressure Pth- corresponding to the actual opening angle flth of 
the throttle valve. The relationship between the THROTTLE pressure Pth and the opening angle flth is 
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indicated in the graph of Fig. 5. The THROTTLE pressure Pth is applied through a line 84 to the above- 
described first and second pressure regulating valves 100, 102 and a third pressure regulating valve 220. 

The speed-ratio sensing valve 182 includes: a sensing rod 192 which slidably contacts the axially 
movable rotor 50 on the input shaft 30 of the CVT 14 and which is axially displaced by a distance equal to 
s an amount of axial movement of the movable rotor 50; a spring 194 whose biasing force varies as the axial 
position of the rod 192 is changed; and a valve spool 198 which receives the biasing force of the spring 194 
and the second line pressure PI2. The valve spool 198 is moved to a position of equilibrium of the biasing 
force of the spring 194 and a thrust force based on the second line pressure PI2, whereby the amount of 
discharge flow of the fluid from the second -pressure line 82 into the drain is adjusted depending upon the 
io speed-ratio "e" of the CVT 14. For example, as the movable rotor 50 is moved toward the stationary rotor 
46 so as to reduce the effective width of the V-groove of the pulley 40 and thereby decrease the speed 
ratio V, the sensing rod 192 is moved in a direction to compress the spring 194, thereby reducing the rate 
of flow of the fluid which is supplied frorn the second pressure line 82 through an orifice 196 and 
discharged into the drain by a resulting movement of the valve spool 198. As a result, the pressure in a 
is portion of the line 82 downstream of the orifice 196 is increased. This pressure is utilized as the SPEED- 
RATIO pressure Pr, which increases with a decrease in the speed ratio V of the CVT 14 (so as to shift-up 
the CVT 14 for increasing the vehicle speed), as indicated in the graph of Fig. 6. The pressure Pr is applied 
through a line 86 to the second and third pressure regulating valves 102 and 220. 

It will be understood from the above description of the speed-ratio sensing valve 182 that since the 
20 SPEED-RATIO pressure Pr is produced by changing the amount of discharge of the fluid supplied from the 
second pressure line 82 through the 6rifice;i96. the pressure Pr will not exceed the second line pressure 
P12. Further, the second line pressure PI2 is lowered with an increase in the pressure Pr. by the second 
pressure regulating valve 102 according to ihe equation (1) indicated above. Therefore, when the pressure 
Pr increases up to the level of the second fine pressure Pt2. both of the pressures Pr and Pt2 are held 
25 constant, as indicated in the graph of Fig. 7, which shows the basic output characteristic of the second 
pressure regulating valve 102 that the lower; limit of the second line pressure P12 adjusted by the second 
pressure regulating valve 102 is determined; by the SPEED-RATIO pressure Pr. i.e.. the speed ratio V of 
the CVT 14. The basic output characteristic of the second pressure regulating valve 102 is obtained when 
the pilot pressure Psol4 (fourth pilot pressure) applied to the chamber 136 is zero or constant. Namely, the 
30 second line pressure PI2 according to the basic output characteristic of the valve 102 is constant until" the 
speed ratio V of the CVT 14 increases from: the minimum value to a certain value. After the speed ratio "r" 
reaches the certain value, the pressure PI2 -linearly increases with the speed ratio "r". along a straight line 
as indicated in Fig. 7. Fig. 8 shows an idealjcurve of the second line pressure PI2 in relation to the speed 
ratio "r", for maintaining the tension of the : belt 44 at a required minimum level. The bent line of Fig. 7 
35 according to the basic output characteristic; of the valve 102 is approximate to the ideal curve of Fig. 8. 
However, the basic output pressure PI2 of the valve 102 according to the basic output characteristic as 
indicated at Pmec in solid line in Fig. 21 is considerably and unnecessarily higher than the optimum value 
as indicated at Popt in dashed line in Fig. 21. under some conditions. 

For controlling the second line pressure! PI2 to change following the ideal curve, the duty cycle of a 
40 fourth solenoid-operated valve 346 which generates the fourth pilot pressure Psdl4 is controlled by an 
electronic control device 460 (Fig. 1), so that the pilot pressure Psol4 is regulated to maintain the tension of 
the belt 44 at the required minimum level, while the vehicle is running in the forward direction with the lock- 
up clutch 36 placed in the engaged position, las discussed below in greater detail. 

The third pressure regulating valve 22olis adapted to produce a third line pressure P13 suitable for 
45 operating the REVERSE brake 70 and FORWARD clutch 72 of the reversing device 16. This valve 220 
includes a valve spool 222 for effecting selective connection and disconnection of the first pressure line 80 
to and from a third pressure lirte 88. a spring sheet 224, a return spring 226. and a plunger 228. The valve 
spool 222 has a first and a second land 2-30. 232. between which is formed a chamber 236, which is 
adapted to receive the third line pressure Pi;3 as a feedback pressure through a flow restrictor 234. so that 
so the spool 222 is biased toward its closed position by the pressure PI 3. Adjacent to the first land 230 of the 
spool 222. there is formed another chamber 240 which receives the SPEED-RATIO pressure Pr. so that the 
spool 222 is biased toward the closed position by the pressure Pr. In the third pressure regulating valve 
220. a biasing force of the return spring 226 .acts on the spool 222 through the spring sheet 224. so that the 
spool 222 is biased toward its open position by the spring 226. Adjacent to the end face of the plunger 228. 
55 there is formed a chamber 242 adapted to deceive the THROTTLE pressure Pth. so that the spool 222 is 
biased toward the open position by the pressure Pth. Ttie plunger 228 has a first land 244. and a second 
land 246 having a smaller diameter than the first land 244. Between these first and second lands 244, 246. 
there is formed a chamber 248 adapted to receive the third line pressure PI 3 only when the vehicle runs in 
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the reverse direction with the REVERSE brake 70 placed in the engaged position. In the third pressure 
reaulatinq valve 220 constructed as described above, the valve spool 222 is moved to a position* 
equilibrium of forces according to an equation similar to the equation (1), so that the third line pressure P13 
is controlled to an optimum level based onjthe SPEED-RATIO and THROTTLE pressures Pr and Pth. The 
optimum level is a permissible lowest value; required to permit the reversing device 16 to transmit received 
input torque without slipping of the brake 70j or clutch 72. 

When the REVERSE brake 70 is placed in the engaged position, the third line pressure P13 is applied 
to the chamber 248. whereby the force biasing the spool 222 toward the open position is increased, to 
thereby increase the third line pressure ipt 3. This arrangement assures optimum torque transmitting 
capacity of the FORWARD clutch 72 and REVERSE brake 70 during engagement of the clutch 72 or brake 
70 to run the vehicle in the forward or reverse direction. 

The thus regulated third line pressure pi 3 is applied to the FORWARD clutch 72 or REVERSE brake 
70 by means of a shift lever valve 250. This shift lever valve 250 has a valve spool 254 which is moved in 
response to an operation of the shift lev^r 252. which has six operating positions, i.e.. NEUTRAL N . 
PARKING -P- LOW "L\ SECOND "S". dRIVE "D" and REVERSE "R". The shift lever valve 250 has an 
output port 256 and an output port 255. When the shift lever 252 is placed in the NEUTRAL position "N" 
the third line pressure Pt3 is not generated by the shift lever valve 250. When the shift lever 252 is placed 
in one of the LOW. SECOND and DRIVE positions «L". "S" and "D", the third line pressure P13 is supplied 
primarily through the output port 258 to the FORWARD clutch 72 and to a chamber 432 of a REVERSE 
INHIBIT valve 420. while at the same time! the fluid is discharged from the REVERSE brake 70. When the 
shift lever 252 is placed in the REVERSE 'position "R". the third line pressure Pi3 is supplied through the 
output port 256 to the third pressure regulking valve 220. lock-up clutch control valve 320. a chamber 452 
of the first line pressure reducing control valve 440 and a port 422a of the REVERSE INHIBIT valve 420 and 
to the REVERSE brake 70 through the REVERSE INHIBIT valve 420. while at the same time the fluid is 
discharged from the FORWARD brake 70;jWhen the shift lever 252 is placed in the PARKING position P . 
the fluid is discharged from the brake 70 and clutch 72 at the same time. 

Accumulators 340 and 342 are connected to the brake 70 and clutch 72. respectively, for the purpose of 
slowly raising the pressure applied to the brake and clutch 70. 72. so that the frictionally coupling devices of 
the brake and clutch may be smoothly Engaged. A shift timing valve 210 connected to the clutch 72 
functions to prevent a transient excessively high rate of flow of the fluid to the clutch 72. such that a flow 
restrictor 21 2 is closed with a rise in the pressure in the cylinder of the clutch 72. 

The first and second line pressures Pt1 and P12 adjusted by the first and second pressure regulating 
valves 100. 102. respectively, are applied to the one and the other of the first and second hydraulic 
cylinders 54. 56 of the CVT 1 4 through a shift control valve assembly 260. for controlling the speed ratio r 
of the CVT 14. The shift control valve assembly 260 has a directional control valve 262 and a flow control 
valve 264 These control valves 262. 264j receive through a fourth pressure line 370 a fourth line pressure 
P14 which is produced by a fourth pressure regulating valve 170 based on the first line pressure PH. 

The directional control valve 262 is a jspool valve controlled by a first solenoid-operated valve 266. while 
the flow control valve 264 is a spool valye controlled by a second solenoid-operated valve 268. When the 
first solenoid-operated valve 266 is on wfiile the second solenoid-operated valve 268 is off. the CVT 14 is 
placed in a rapid shift-down mode I as indicated in Fig. 9; In this mode I. the fluid in the first pressure line 
80 is fed into the second hydraulic cylinder 56 through the directional control valve 262, flow control valve 
264 and second cylinder line 302. while the fluid in the first hydraulic cylinder 54 is discharged to the drain 
through the first cylinder line 300. flow control valve 264 and directional control valve 262. Consequently, 
the CVT 14 is rapidly shifted down with] the speed ratio V being reduced to lower the vehicle speed V. 
When the first solenoid-operated valve 266 is off while the second solenoid-operated valve 268 is on, the 
CVT 14 is placed in a rapid shift-up mpde VI as indicated in Fig. 9. In this mode VI, the fluid in the first 
pressure line 80 is fed into the first hydraulic cylinder 54 through the directional and flow control valves 262, 
■ 264 and first cylinder line 300. while the fluid in the second hydraulic cylinder 56 is discharged to the 
second pressure line 82 through the second cylinder line 302 and the flow and directional control valves 
264, 262. Consequently, the CVT 14 is rapidly shifted up with the speed ratio "r" being increased so as to 
increase the vehicle speed V. I 

Fig 9 indicates the other modes of . ithe CVT 14 which are established by appropriate combinations of 
the operating states of the first and second solenoid-operated valves 266. 268. When the first and second 
solenoid-operated valves 266, 268 are bpth on, the CVT 14 is placed in a slow shift-down mode III. in this 
mode III. the fluid in the second pressure line 82 is fed into the second hydraulic cylinder 56 through a by- 
pass line 295 in which a flow restrictor 296 and a check valve 298 are disposed in parallel with each other. 
At the same time, the fluid in the first hydraulic cylinder 54 is discharged through a small clearance which is 

i 
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purposely formed or inherently left between the piston and the mating sliding Surface of the cylinder 54. 
Consequently, the CVT 14 is slowly shifted down with the speed ratio "r" being slowly increased. 

The by-pass line 295 provided between !the second hydraulic cylinder 56 and the second pressure line 
82 functions to prevent or minimize a phenomenon of pulsation of the pressure Pout in the second hydraulic 
5 cylinder 56 which would occur in synchronisation with the duty cycling operation of the flow control valve 
264. Described more specifically, the upper peak of the spike of the pressure Pout is released through the 
flow restrictor 296, while the lower peak of the pressure Pout is compensated for by the check valve 298. 

In the CVT 14, it is desirable that the first line pressure P11 has an optimum value with respect to the 
second line pressure Pt2 and the cylinder pressures Pin and Pout, as indicated in Fig. 10 when torque T is 
10 transmitted through the CVT 14 in the forward direction from the input shaft 30 toward the output shaft 38 
(when the torque T is positive), and as indicated in Fig. 1 1 when the torque T is transmitted in the reverse 
direction from the output shaft 30 toward the input shaft 30 as in an engine-brake running of the vehicle 
(when the torque T is negative). The optimum value of the first line pressure PJM as shown in Figs. 10 and 
11 varies with the speed ratio "r" of the CVT 14, with the torque of the input shaft 30 being constant at a 
75 given level. In the present embodiment wherein the first and second hydraulic cylinders 54, 56 have the 
same pressure-receiving area, the pressure fin in the first cylinder 54 is higher than the pressure Pout in 
the second cylinder 56 during the positive-torque running of the vehicle, as indicated in Fig. 10. On the 
other hand, the pressure Pout is higher than the pressure Pin during the negativertorque running (engine- 
brake running) of the vehicle, as indicated in^Fig. 1 1. That is, the pressure in the driving side cylinder 54, 56 
20 is higher than the pressure in the driven side cylinder 54, 56. In the positive-torque running of Fig. 10, the 
pressure Pin in the driving side cylinder 54 f provides a thrust which determines the speed ratio "r" of the 
CVT 14. In view of this, the first line pressure PI1 is desirably adjusted so as to be higher than the 
pressure Pin by an extra amount a which is % minimum value required to establish the desired speed ratio 
"r" with a minimum power loss. However, it is impossible to adjust the first line pressure Pi 1 based on one 
25 of the pressures Pin and Pout of the two cylinders 54. 56. !n view of this, the first pressure regulating valve 
100 is provided with the second plunger 148; so that the valve spool 140 of the valve 100 receives a biasing 
force based on a higher one of the pressure Pin and the second line pressure P£2. According to this 
arrangement, the first line pressure PI1 is determined based on the higher one of the pressures Pin and 
PI2 whose curves intersect each other as indicated in Fig. 12, i.e., based on the higher pressure Pin or P12 
30 while the vehicle is running with no load applied to the CVT 14. More precisely, the optimum first line 
pressure P11 is determined by adding the above-indicated required minimum extra value a, so that the first 
line pressure P 11 is a minimum level required to obtain the desired speed ratio V with a minimum power 
loss. A curve indicated in broken line in Fig. 12 represents the first line pressure PIV where the first 
pressure regulating valve 100 is not provided^ with the second plunger 148. This curve indicates that the first 
35 line pressure Pit 1 is unnecessarily high when the desired speed ratio V is relatively low. 

As indicated above, the extra value a is ;a minimum value which is required to change the speed ratio 
V of the CVT 14 over its entire range available. It will be understood from the above equation (2) that the 
first line pressure Pt 1 increases in relation to the THROTTLE pressure Pth, since the pressure-receiving 
areas of the relevant elements of the first pressure regulating valve 100 and the biasing force of the spring 
40 144 are so determined. Although the first line pressure Pit adjusted by the first pressure regulating valve 
100 increases with the pressure Pin or PI2 arid the THROTTLE pressure Pth, the pressure P£1 is saturated 
at a highest value which varies with the THROTTLE pressure Pth (0th), as indicated in Fig. 13. This 
arrangement prevents an excessive rise in the first line pressure Pt1 (higher than the pressure Pin in the 
first cylinder 54 by the extra value a), even ;if the pressure Pin increases while the speed ratio V is the 
45 lowest value with the minimum width of the V-groove of the first pulley 40 (while the movement of the 
movable rotor 50 is mechanically prevented).] 

Referring back to Fig. 2, the fluid discharged from the port 150b of the first pressure regulating valve 
100 is fed into the lock-up pressure line 92] and directed to a lock-up pressure regulating valve 310 for 
producing as a LOCK-UP CLUTCH pressure Pel suitable for operating the lock-up clutch 36 of the fluid 
so coupling 12. The lock-up pressure regulating Jvalve 310 has a valve spool 312 which receives as a feedback 
pressure the LOCK-UP CLUTCH pressure Pel. The spool 312 is biased by this feedback pressure Pel 
toward its open position. The valve 310 further has a spring 314 for biasing the spool 312 to the closed 
position, a chamber 316 to which is applied the LOCK-UP CLUTCH pressure Pel through a lock-up clutch 
rapid release valve 400 upon rapid releasing bf the lock-up clutch 36, and a plunger 317 which receives the 
55 , pressure in the chamber 316 to thereby bias jthe spool 312 toward the closed position. The valve spool 312 
is moved to a position of equilibrium between a thrust based on the feedback pressure Pel and a biasing 
force of the spring 314, whereby the LOCKUP CLUTCH pressure Pel in the lock-up pressure line 92 is 
suitably released through the valve 310 and is thereby suitably adjusted. When the LOCK-UP CLUTCH 
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pressure Pel is applied to the chamber 316, ^6 pressure Pel is increased to more rapidly release the lock- 
up clutch 36. The fluid discharged from tM> lock-up pressure regulating valve 310 is supplied to various 
portions of the power transmitting system through a flow restrictor 318 and a lubrication line 94, and is 
returned to the return or suction line 78 connected to the oil pump 74. 

The thus adjusted LOCK-UP CLUTCH pressure Pel is supplied through a lock-up clutch control valve 
320 selectively to the engaging line 322 or releasing line 324 of the fluid coupling 12, for engaging or 
releasing the lock-up clutch 36. More specifically described, the lock-up clutch control valve 320 includes a 
valve spool 326 having an engaging and a releasing position for selective communication of the lock-up 
pressure line 92 with the engaging and releasing lines 322. 324, and a spring 328 for biasing the spool 326 
toward the releasing position. Adjacent to the upper end face of the valve spool 326 (on the side of the 
spring 328), there is formed a chamber 334' to which is applied the third line pressure P13 from the output 
port 256 of the shift lever valve 250 through the line 257, only when the shift lever 252 is placed in the 
REVERSE position "R". The chamber 334 is drained when the shift lever 252 is placed in the other 
positions. Adjacent to the lower, end of the spool 326 (remote from the spring 328), there is formed a 
chamber 332 which receives a third pilot .'pressure Psol3 generated by a normally open third solenoid- 
operated valve 330 when the valve 330 is placed in the ON or closed position. With the valve 330 placed in 
the ON position, the third pilot pressure Psol3 equal to the LOCK-UP CLUTCH pressure Pel is generated 
downstream of a flow restrictor 331. When the third solenoid-operated valve 330 is in the OFF or open 
position the pilot pressure Psol3 is released through the valve 330 downstream of the flow restrictor 331. It 
will therefore be understood that the flow restrictor 331 and the third solenoid-operated valve 330 constitute 
means for generating the third pilot pressure Psol3. This pilot pressure Psol3 is applied to the second line 
pressure reducing control valve 380. lock-iip clutch rapid release valve 400 and REVERSE INHIBIT valve 
420. as well as the lock-up clutch control valve 320. 

When the third solenoid-operated valve 330 is in the ON position while the shift lever 252 is placed in 
any position other than the REVERSE position "R", the third pilot pressure Psol3 is applied to the chamber 
332 of the lock-up clutch control valve 320, but the chamber 334 is drained and held at the atmospheric 
pressure, whereby the valve spool 326 is moved toward the spring 328. As a result, the fluid in the lock-up 
pressure line 92 is supplied to the engaging line 322 to bring the lock-up clutch 36 to the engaged position. 
When the third solenoid-operated valve 330 is off, on the other hand, the chamber 332 is exposed to the 
atmosphere, whereby the valve spool 326 is moved downward as seen in Fig. 2, under the biasing action of 
the spring 328. Consequently, the fluid in the lock-up pressure line 92 is supplied to the releasing line 324 
to thereby release the lock-up clutch 36. When the shift lever 252 is operated to the REVERSE position 
"FT the third line pressure Pt3 is applied to the chamber 334, whereby the thrust acting on the spool 326 
based on the third line pressure P13 and fie biasing force of the spring 328 becomes larger than the thrust 
based on the third pilot pressure Psol3. Accordingly, the spool 326 is moved downward (in Fig. 2) to release 
the lockup clutch 36, irrespective of the operating state (on or off state) of the third solenoid-operated valve 
330. 

The fluid discharged through the flow restrictor 336 upon engagement of the lock-up clutch 36. and the 
fluid discharged from the lock-up clutch 36 through the engaging line 322 and the lock-up clutch control 
valve 320 upon releasing of the dutch -$6. are fed to a cooler pressure contrd valve 338 so that the 
pressure of the fluid is lowered to a suitable level by the valve 338. The fluid is then fed through an oil 
cooler 339 and is returned to an oil reservoir (not shown). 

The back pressures of the accumulators 342. 340 for the FORWARD clutch 72 and the REVERSE brake 
70 are regulated in the following manned. The lock-up pressure line 92 is connected to a normally open 
fourth solenoid-operated valve 346 through a flow restrictor 344. so that the fourth pilot pressure Psol4 
(described above with respect to the second pressure regulating valve 102) obtained downstream of the 
flow restrictor 344 is regulated by controlling a duty cycle Ds4 of the solenoid-operated valve 346. as 
indicated in Fig. 14. Namely, the flow restrictor 344 and the fourth solenoid-operated valve 346 constitute 
means for generating the fourth pilot pressure Psol4. This pilot pressure Psol4. which is regulated by the 
so controlled duty cycle Ds4 of the fourth solenoid-operated valve 346, is applied to a pilot pressure switch 
valve 350 through a line 348. When the shift lever 252 is placed in any one of the. PARKING, REVERSE and 
NEUTRAL positions "P" . "R" and "N", the hydraulic cylinder of the FORWARD clutch 72 is drained by the 
shift lever valve 250. In this condition, thel pi lot pressure switch valve 350 permits the pilot pressure Psol4 to 
be applied to the fourth pressure regulating valve 170 through a line 354. and a line 356 is drained by the 
pilot pressure switch valve 350. When the shift lever 252 is operated from the NEUTRAL position "N" to the 
DRIVE. SECOND or LOW position "D", "jS" or "L", the pressure in the cylinder of the FORWARD clutch 72 
is slowly raised at a suitably determined rate as a function of time due to the pressure absorbing function of 
the accumulator 342, until the pressure reaches the level of the third line pressure P13. whereby the clutch 
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72 is fully engaged. That is, the fourth pilottpressure Psol4 in the line 348 is applied to the fourth pressure 
regulating valve 170 through the pilot pressure switch valve 350 and line 354, until the FORWARD clutch 72 
is fully engaged. When the engagement of the clutch 72 is completed, the pilot pressure switch valve 350 
connects the line 354 to the drain, and applies the pilot pressure Psol4 to the second line pressure reducing 
5 control valve 380 and the lock-up clutch rapid release valve 400. 

The back pressures of the accumulators 340. 342 are regulated to reduce engaging shocks of the brake 
70 and clutch 72 when the shift lever 252 ;is operated from the NEUTRAL position "N n to the DRIVE or 
REVERSE position "D" or "R". For this purpose, the fourth line pressure Pi4 regulated by the fourth 
pressure regulating valve 170 is applied through a fourth pressure line 370 to back pressure ports 366, 368 
10 of the accumulators 342, 340 for the clutch 72 and brake 70, so that the accumulators 342, 340 restrict rates 
of increase in the pressure of the cylinders of the clutch and brake 72, 70 for an initial period of the 
engaging action of the brake and clutch 70; 72. Namely, the shock absorbing effects of the accumulators 
340, 342 may be controlled by regulating th6 fourth line pressure P14. 

The fourth pressure regulating valve 170 includes a valve spool 171 for connection and disconnection 
is between the first pressure line 80 and the fourth pressure line 370, and a spring 172 for biasing the spool 
171 toward its open position. Between a first; and a second land 173, 174 of the spool 171, there is formed a 
chamber 176 which receives the fourth line pressure P14 as the feedback pressure through a restrictor 
orifice 175. Adjacent to the end face of th(b spool 171 on the side of the spring 172, there is formed a 
chamber 177 adapted to receive the fourth pilot pressure Psol4, which biases the spool 171 toward its open 
20 position. The other end face of the spoof 17{1 remote from the spring 172 is exposed to the atmosphere. In 
the thus constructed fourth pressure regulating valve 170, the valve spool 171 is positioned for equilibrium 
between the valve closing biasing force based on the fourth line pressure PM and the valve opening force 
based on the fourth pilot pressure Psol4. Ais a result, the fourth line pressure P14 is adjusted depending 
upon the pilot pressure Psol4. More specifically, when the shift lever 252 is operated frbm the NEUTRAL 
25 position "N" to the DRIVE or REVERSE position "D", H R M , the fourth solenoid-operated valve 346 is 
operated in the duty cycling manner, so as to change the fourth line pressure Pi 4' with the duty cycle Ds4 
of the fourth solenoid-operated valve 346; as; indicated in Fig. 15, with the pilot pressure Psol4 being applied 
to the fourth pressure regulating valve 17ti through the pilot pressure switch valve 350. The duty cycle Ds4 
is determined so that the back pressures ; of the accumulators 340, 342 determined by the fourth line 
30 pressure P£4 minimize the engaging shocks of the clutch 72 and brake 70. When the pressure in the 
cylinder of the clutch 72 rises to the thircf| line pressure P£3, the pilot pressure Psol4 which has been 
applied to the fourth pressure regulating vaMe 170 is cut off by the pilot pressure switch valve 350, whereby 
the chamber 177 is exposed to the atmosphere, and the fourth line pressure P 14 is regulated to a relatively 
low level in the neighborhood of 4kg/cm 2 , which corresponds to the biasing force of the spring 172 biasing 
35 the spool 171 toward the open position, the thus regulated fourth line pressure P14 is used primarily as a 
pilot pressure for controlling the directional and flow control valves 262, 264 of the shift control valve 
assembly 260. The accumulators 372 connected to the line 348 functions to absorb the pulsation of the pilot 
pressure Psol4 which would arise in relation ito the frequency of the duty cycling drive pulses to activate the 
fourth solenoid-operated valve 346. . • j 
40 Referring back to Fig. 2, there will be described the second line pressure reducing control valve 380, 
which operates to apply the pilot pressure P?ol4 generated by the fourth solenoid-operated valve 346 to the 
chamber 136 of the second pressure regulating valve 102, for regulating the second line pressure Pl2 so 
as to be close to an optimum value Poptj or for lowering the second line pressure 912 to prevent a 
pressure rise in the driven side cylinder 54,36, which pressure rise is caused by a centrifugal force during 
45 rotation of the driven side pulley 40, 42. The second line pressure reducing control valve 380 Has a port 
382a communicating with the line 356, a pbrt 382b communicating with the chamber 136 of the second 
pressure regulating valve 102 through a line 384, a drain port 382c t a valve spool 386 slidably movable 
between a first and a second position corresponding to the upper and lower stroke ends thereof, and a 
spring 388 biasing the spool 386 toward the] second position. The lower end face of the spool 386 partially 
50 defines a chamber 390 adapted to receive the third pilot pressure Psol3 generated by the third solenoid- 
operated valve 330. When the valve 330 is iri the off or open position, the pilot pressure Psol3 is not applied 
to the chamber 390, and the spool 386 is located in its second position for fluid communication between the 
ports 382b and 382c, whereby the chamber 136 of the second pressure regulating valve 102 is drained, and 
the second line pressure P12 is regulated according to the equation (1) indicated above. When the third 
55 solenoid-operated valve 330 is turned on 6r closed, the third pilot pressure Psol3 (LOCK-UP CLUTCH 
pressure Pel) iis applied to the chamber 390-pf the second line pressure reducing control valve 380, and the 
spool 386 is moved to its first position for fluid communication between the ports 382a and 382b. If the 
FORWARD clutch 72 is in the engaged position at this time, the fourth pilot pressure Psol4 regulated by the 
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duty cycle Ds4 of the fourth solenoid-operated valve 346 is. applied to the chamber 136 of the second 
pressure regulating valve 102 through the lines 348, 356, ports 382a, 382b and line 384. Since the pilot 
pressure Psol4 (LOCK-UP CLUTCH pressure Pel) applied to the chamber 136 acts on the spool 110 of the 
second pressure regulating valve 102 toward its closed position, the second line pressure PI2 is regulated 
according to the following equation (3): j 



P12 = [A4*Pth + W - A1 'Pr - (A2 - A1)^Pcl]/(A3 - A2) (3) 



5 

70 Accordingly, the second line pressure Pj 1 2 is reduced as indicated in one-dot chain line in Fig. 16, as 
compared with the normally regulated value as indicated in solid line in Fig. 16. If the fourth solenoid- 
operated valve 346 is off, the second line pressure P12 is normally regulated according to the equation (1). 

There will next be described the lock-up; clutch rapid release valve 400 for rapidly releasing the lock-up 
clutch 36. The lock-up clutch rapid release valve 400 includes a port 402a communicating with the lock-up 
75 pressure line 92, a port 402b communicating with the chamber 316 of the lock-up pressure regulating valve 
310 through a line 404, a drain port 402c, ja port 402d communicating with the engaging line 322 of the 
lock-up clutch 36, a valve spool 406 slidably movable between a first and a second position corresponding 
to the upper and lower stroke ends thereojf, and a spring 408 biasing the spool 406 toward the second 
position. Adjacent to the lower end face of the spool 406, there is formed a chamber 410 adapted to receive 
20 the LOCK-UP CLUTCH pressure Pel when the fourth solenoid-operated valve 346 is on with the FORWARD 
clutch 72 fully engaged. The chamber 410 is drained when the valve 346 is off. Adjacent to the upper end 
face of the spool 406 (on the side of the spring 408). there is formed a chamber 412 adapted to receive the 
third pilot pressure Psol3 (pressure Pel) wh^n the third solenoid-operated valve 330 is on; The chamber 412 
is drained when the valve 330 is off. The Ipck-up clutch rapid release valve 400 is controlled by the third 
25 and fourth solenoid-operated valves 330, 346. When the valve 330 is off while the valve 346 is on, the spool 
406 is located at the first position, so that jthe LOCK-UP CLUTCH pressure Pel is applied to the chamber 
316 of the lock-up pressure regulating valve 310 through the ports 402a. 402b and line 404, whereby the 
pressure Pel is increased. At the same time', the fluid discharged from the engaging chamber 33 of the fluid 
coupling 12 through the engaging line 322 is fed to the drain through the ports 402d, 402c and through the 
ao oil cooler 339. Consequently, the lock-up dutch 36 is rapidly released. When the third and fourth solenoid- 
operated valves 330, 346 are placed in the other combinations of operating states, the spool 406 of the 
valve 400 is placed in the second position: In this condition, the resistance of the valve 400 to > the low of 
the fluid discharged from the engaging chamber 33 of the fluid coupling 12 is relatively low. and tfie LOCK- 
UP CLUTCH pressure Pel applied to the; releasing chamber 35 is made relatively high by the lock-up 
35 pressure regulating valve 310. so that the Idck-up clutch 36 may be rapidly released. 

The REVERSE INHIBIT valve 420 is provided to inhibit the reversing device 1 6 from being placed in the 
reverse position with the REVERSE brake? 0 engaged, when the vehicle is running ]n ^™f«"f£ n . 
This valve 420 has a port 422a adapted to receive the third line pressure , P 13 ^ * 
the shift lever valve 250 when the valvej250 is placed in the REVERSE position P I The REVERSE 
40 INHIBIT valve 420 further has a port 422b communicating with the cylinder of ^**^*^7P 
through a line 423. and a drain port 422*. The valve 420 includes a valve spool 424 slidably movable 
between a first or non-inhibit position corresponding to one end (upper end) of the operating sUok and la 
second or reverse inhibit position corresponding to the other end (lower end) of the operating ^The 
spool 424 is biased by a spring 426 towaW the first position. Adjacent to the upper end face of he spool 
« 424. there is formed a chamber 428 adapted to receive the third pilot pressure Psott (pressure Pcflr trough 
a line 430 when the third solenoid-operated valve 330 is on. The chamber 428 is Earned when the valve 
330 is off. Adjacent to the other or lower end face of the spool 424. there is formed a chamber 432 adapted 
to receive the third line pressure P13 from the output port 258 of the shift lever valve 250 when the shift 
lever 252 is placed in the DRIVE. SECOND or LOW position "D". n S". "L". 
so In the thus constructed REVERSE INHIBIT valve 420. the spool 424 is moved to the second position 
(lower stroke end) when the chamber 432 is drained and the third pilot pressure Psol3 (pressure Pel) is 
applied to the chamber 428. In the second position, the ports 422a and 422b are disconnected from each 
other arid the ports 422c and 422b are! connected to each other, whereby, the hydraulic cylinder of the 
REVERSE brake 70 is drained to inhibit the reversing device 16 from being placed in the reverse position. 
55 That is. when the shift lever 252 is operated from the DRIVE position "D" to the REVERSE position R 
past the NEUTRAL position "N" during a forward running of the vehicle, the third solenoid-opera ed va ve 
330 is turned on by the electronic control; device 460. so that the reversing device 16 is placed in its neutral 
position. j 
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The first line pressure reducing control valve 440 is provided to lower the first line pressure PU by a 
suitable amount to reduce the operating noise of the transmission belt 44 when the shift lever 252 is placed 
in the NEUTRAL or PARKING position "fST, "P". This valve 440 has a drain port 442a, a port 442b 
communicating through the line N 161 with the chamber 160 between the first and second lands 152, 159 of 
5 the first pressure regulating valve 100, a port 442c communicating with the second pressure line 82, a 
plunger 444, a spool 446 for selective connection and disconnection between the second pressure line 82 
and the chamber 160 of the valve 100, and a spring 448 biasing the spool 446 toward the open position. 
Adjacent to the lower end face of the plunger 444, there is formed a chamber 450 adapted to receive the 
third line pressure P13 generated from the output port 258 of the shift lever valve 250 when the shift lever 

10 252 is placed in any one of the forward drive positions. Between the plunger 444 and the spool 446, there is 
formed a chamber 452 adapted to receive tfpe third line pressure from the output port 256 of the shift lever 
valve 250 when the shift lever 252 is placed in the REVERSE position "R n . 

In the thus constructed first line pressure reducing control valve 440, the first line pressure Pt1 is 
normally regulated according to the above equation (2) with the chamber 160 of the first pressure regulating 

75 valve 100 exposed to the atmosphere through the drain port 442a with the valve spool 446 placed in the 
upper position, when the shift lever 252 is; placed in one of the DRIVE, SECOND, LOW and REVERSE 
positions. When the shift lever 252 is placed in the NEUTRAL or PARKING position, however, the valve 
spool 446 is moved to the lower position, arjd the second line pressure Pi 2 is applied to the chamber 160 
of the valve 100. Consequently, the spool 140 of the valve 100 is biased toward the open position by the 

20 second line pressure PI2 applied to the chamber 160, whereby the first line pressure P11 is lowered. 
Accordingly, the tension of the belt 44 is reduced to a minimum level required to operate the CVT 14 
without slipping of the belt 44. Thus, the operating noise of the belt 44 is reduced, and the life expectancy 
of the belt is prolonged. 

Referring back to Fig. 1. there is indicated the above-indicated electronic control device 460, which 

25 serves to control the first, second, third and fourth solenoid-operated valves 266, 268. 330, 346 incorporated 
in the hydraulic circuit shown in Fig. 2. The£e valves are selectively energized or turned on by the control 
device 460. for controlling the speed ratio "rf of the CVT 14 and the operating state of the lock-up clutch 36 
of the fluid coupling 12, and so forth. The electronic control device 460 includes a so-called microcomputer 
which incorporates a central processing uiiit (CPU), a random-access memory (RAM) and a read-only 

30 memory (ROM), as well known in the art j 

The control device 460 receives various signals from various sensors, such as: a VEHICLE speed 
sensor 462 disposed to detect the rotating speed of the drive wheels 24, and generating a vehicle speed 
signal representative of the speed of the drive wheels 24, i.e., the running speed V of the vehicle; an INPUT 
SHAFT speed sensor 464 disposed to detect the rotating speed of the input shaft 30 of the CVT 14, and 

35 generating an input shaft speed signal representative of the detected speed Nin of the input shaft 30; an 
OUTPUT SHAFT speed sensor 466 disposed to detect the speed of the output shaft 38 of the CVT 14, and 
generating an output shaft speed signal representative of the detected speed Nout of the output shaft 38; a 
THROTTLE sensor 468 disposed to detect an angle of opening of the throttle valve disposed in a suction 
pipe of the engine 10, and generating a throttle signal representative of the opening angle 0th of the throttle 

40 valve; a SHIFT LEVER sensor 470 disposed to detect the currently selected operating position of the shift 
lever 252, and generating a signal representative of the currently selected position Ps of the shift lever 252; 
a BRAKE switch 472 disposed to detect ah operation of a brake pedal of the vehicle, and generating a 
signal indicative of the operation of the bral<e pedal; an ENGINE SPEED switch 474 disposed to detect a 
speed Ne of the engine 10, and generating a signal indicative of the engine speed Ne; and an ENGINE 

45 IDLING switch 476 disposed to generate a signal LL indicating that an accelerator pedal 478 of the vehicle 
is in the released position. The CPU of the electronic control device 460 processes these input signals 
according to control programs stored in thej ROM, while utilizing a temporary data storage function of the 
RAM, and applies appropriate drive or control signals to the first, second, third and fourth solenoid-operated 
valves 266, 268, 330 and 346. ' - ] 

so Upon application of power to the control device 460, a main control routine is executed after the 
initialization of the device. In the main control routine, the speeds Nin and Nout of the input and output 
shafts 30, 38 r speed ratio "r n of the CVT 14, the vehicle running speed V and other running parameters of 
the vehicle are calculated based on the inpjut signals received from the various sensors indicated above. 
Based on the received input signals, the control device 460 operates to control the lock-up clutch 36 and 

55 the CVT 14, and effect the control operations such as the operation to regulate the second line pressure 
Pi2 for maintaining the tension of the belt :44 at the optimum level under any operating condition of the 
CVT 14. 

In controlling the lock-up clutch 36, thej third solenoid-operated valve 330 is turned on to engage the 
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lock-up clutch when the vehicle speed V exceeds a predetermined reference value, for example. The valve 
330 is turned off to release the lock-up clutch 36 when the vehicle speed V falls below the reference value, 
or when the other predetermined condition or conditions is/are satisfied, for example, when the brake pedal 

is depressed. I . .... , 

s In controlling the CVT 14, the electronic control device 460 calculates a desired or target speed Nm ot 
the input shaft 30 from the currently detected throttle opening angle eth and vehicle speed V. according to a 
predetermined relationship among these parameters Nin*. flth and V, which relationship is determined for 
minimum fuel consumption by the engine 10jand maximum drivability of the vehicle. The control dev.ce 460 
selects one of the modes of the CVT 14 indicated in Fig. 9 to operate the CVT 14 so that the actual speed 

;o Nin of the input shaft 30 coincides with the! determined desired value Nin'. Depending upon the selected 
mode of the CVT 14, the first and second solenoid-operated valves 266 and 268 are controlled. Further, the 
electronic control device 460 operates to control the third and fourth solenoid-operated valves 330, 346 for 
establishing an adequate one of hydraulic control modes as indicated in the table of Fig. 17. 

The tension of the belt 44 is controlled by execution of a belt tension regulating routine illustrated in the 

is flow chart of Fig. 18. Initially, step S1 is implemented to calculate an output torque Te of the engine 10, 
based on the engine speed Ne and the throttle opening angle eth. according to a predetermined relationship 
among these parameters Te. Ne and eth. 4s indicated in Fig. 18 by way of example. This relationship is 
stored in the ROM of the electronic control device 460. Step S1 is followed by step S2 to calculate a 
theoretically optimum value Ptheory of the second line pressure P12 which provides a minimum tension of 

20 the belt 44 for permitting the belt 44 to transmit the calculated torque Te without slipping of the belt on the 
pulleys 40 42 The calculation of the theoretically optimum value Ptheory is effected based on the 
calculated torque Te and the speed ratio (Nin/Nout) of the CVT 14. according to a predetermined 
relationship represented by the following equation (4) also stored in the ROM of the control device 480. The 
speed ratio V is calculated based on the speeds Nin and Nout represented by the signals from the INPUT 

25 SHAFT and OUTPUT SHAFT speed sensOr? 464, 466. 

Ptheory = K1 (1 + r)*Te (4) 

j 

where. j 
30 K1 : constant I 

The above equation (4) is similar to an! equation disclosed in laid-open publication No. 60-53258 of an 

unexamined Japanese Patent Application, ahd is derived from the following equation (4') stored in the ROM 

of the control device 460 to calculate an 1 optimum thrust Wout of the second hydraulic cylinder 56 for 

establishing the optimum belt j 
35 tension without slipping of tine belt 44: : '\ 

i 

I 

Tin«r*(cos; a - usin a) 



Wout = } 
40 Dout>|i 



>K' 



where, 

Tin: input torque of the CVT 1 4 j 
45 ti: friction coefficient of the belt 4j4 

a : angle of groove inclination of the pulleys 40, 42 
Dout: effective diameter of the pullejr 42 
K': extra margin factor j 

The value Wout of the equation (4') iis approximated, and the approximated Wout is divided by the 
pressure-receiving area of the second hycjraulic cylinder 56, to obtain the equation (4) for the theoretically 
optimum value Ptheory of the second line pressure P12. . 

Then the control flow goes to step S3 to calculate an amount of increase Pcfg in the pressure in the 
second hydraulic cylinder 56 due to a centrifugal force generated during rotation of the cylinder 56. The 
calculation is effected based on the spded Nout of the output shaft 38 of the CVT 14, according to a 
predetermined relationship as represented by the following equation (5) also stored in the ROM of the 
device 460: 1 



50 



55 



Pcfg = K2' Nout 2 (5) 

1 15 
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where, 

K2: constant 

Fig. 20 shows in solid lines a basic output pressure Pmec of the second pressure regulating valve 102 
s when the speed ratio V is the minimum value r min and also shows in dashed lines an optimum pressure 
Popt as the second line pressure P*2 which should be applied to the second hydraulic cylinder 56 for 
establishing the optimum tension of the belt 44. The optimum pressure Popt is calculated in step S4 
according to a predetermined stored relationship as represented by the following equation (6): 

to Popt = Ptheory - Pcfg (6) 



It will be understood that the optimum pressure Popt is obtained by subtracting the centrifugal pressure 
increase Pcfg calculated in step S3 from the theoretically optimum value Ptheory calculated in step S2. 
75 Namely, the optimum value Popt is lower than the theoretically optimum pressure Ptheory by the amount 
equal to the centrifugal pressure increase Pcfg, which is an unnecessary and undesired surplus added to 
the optimum value Popt for the optimum tension of the belt 44. 

Step S4 is followed by step S5 to calculate the basic output pressure Pmec, which is the second line 
pressure P 12 mechanically determined bylthe construction of the second pressure regulating valve 102 
20 when the fourth pilot pressure Psol4 is not ipplfed to the chamber 136 of the valve 102. The calculation of 
this basic output pressure Pmec is effected based on the calculated speed ratio V and the currently 
detected throttle opening angle eth, according to a predetermined relationship as indicated by solid lines in 
Fig. 21, for example, which is represented by the following equation (7) stored in the form of a data map in 
the ROM of the control device 460. 

25 j 

Pmec = map (r, 0th) (7) j 

An example of a routine for calculating the basic output pressure Pmec of the second pressure 
30 regulating valve 102 in step S2 of the belt tension regulating routine is illustrated in Fig. 22. The routine of 
Fig. 22 is formulated for accurate calculation of the basic output pressure Pmec, with a relatively small 
amount of program data. Initially, step SS^t/is implemented to determine the current speed ratio V of the 
CVT 14, based on the currently detected speeds Nin and Nout of the input and output shafts 30, 38 of the 
CVT 14. Step S5-1 is followed by step S5-2 to calculate a value log. r of the speed ratio V, according to a 
55 predetermined stored relationship as represented by the following approximate equation (8): 



1 4 r 

log- r = a 0 j — + b 0 (8) 

40 1 +| r 

A straight line in Fig. 23 indicates a linbar relationship between the value log. r and the approximated 
value obtained from the equation (8). 

45 The control flow then goes to step S5-3 to calculate the SPEED-RATIO pressure Pr which determines 
points at which the solid lines of Pmec of !Fig. 21 are bent, i.e., the values log. r below which the value 
Pmec is constant. The pressure Pr is indicated by a two-dot chain line in Fig. 21. The calculation of the 
pressure Pr is effected according to a predetermined stored relationship as represented by the following 
equation (9). This equation (9) reflects the characteristic indicated in Fig. 6. 

so 1 
Pr = ai log. r + bi (9) 



Step S5-3 is followed by steps S5-4 and S5-5 to determine a pressure P1 which corresponds to the 
55 actual running condition of the vehicle, according to a predetermined stored relationship as represented by 
the following equation (10) which represents the solid inclined straight lines in Fig. 21. More specifically, 
step S5-4 is implemented to calculate a y-axis intercept value b 2 of the equation (10), which corresponds to 
the actual vehicle running condition. The intercept value b 2 is indicated along the y-axis of the graph of Fig. 
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21 wherein the SPEED-RATIO pressure Pr \i taken along the y-axis. The calculation in step S5-4 is effected 
based on the throttle opening angle oth, according to a predetermined stored relationship as represented by 
the following equation (11). This relationship lis indicated by a curve in Fig. 25, for example. In the next step 
S5-5, the pressure P1 is calculated based on the calculated value log. r of the determined speed ratio "r" 
and the calculated y-axis intercept value b 2 , according to the following equation (10). The calculated 
pressure P1 is the basic output pressure of the second pressure regulating valve 102 as represented by the 
solid inclined lines of Fig. 21 . j 

i 

P1 = a 2 log. r + b 2 (10) 

b 2 = map2 (0th) (11) ; 



Step S5-5 is followed by step S5-6 toj calculate a pressure P2 corresponding to the actual running 
75 condition of the vehicle, which pressure P2 is the basic output pressure of the valve 102 as represented by 
the solid straight lines parallel to the x-axis of the graph of Fig. 21. The calculation is effected based on the 
currently detected throttle opening angle 0th, according to a predetermined stored relationship as repre- 
sented by the following equation (12). This relationship is indicated by a curve of Fig. 24, for example. 

20 P2 = mapl (0th) (12) 

Then, the control flow goes to step S5-7 to determine whether the pressure P1 calculated in step S5-5 
is equal to or higher than the SPEED-RATIO pressure Pr calculated in step S5-3. or not. If an affirmative 
2S decision (YES) is obtained in step S5-7, thb control flow goes to step S5-8 to determine the basic output 
pressure Pmec of the second pressure regulating valve 102 to be equal to the pressure P1, If a negative 
decision (NO) is obtained in step S5-7, the? control flow goes to step S5-9 to determine the basic output 
pressure Pmec to be equal to the pressure P2. 

Referring back to the bent tension regulating routine of Fig. 18, step S5 for calculating the basic output 
30 pressure Pmec is followed by step S6 to calculate a difference between the basic output pressure Pmec 
and the optimum value Popt i.e., an amount of pressure reduction Pdown by which the basic output 
pressure Pmec should be lowered to obtain the optimum tension of the belt 44. This calculation is effected 
according to a predetermined stored relationship as represented by the following equation (13): 

j . 

35 Pdown = Pmec - Popt (13) 

Namely, step S6 is implemented, to ! calculate the pressure reducing amount Pdown which is the 
difference between the pressures Pmec add Popt which are indicated by the solid and dashed hnes ,n F.g. 

40 21 ' Then eC S y S7 is implemented to determine the drive signal lsol4 applied to the fourth solenoid-operated 
valve 346. which signal determines the duty cycle Ds4 of the valve 346. The determ.nat.on of the dnve 
signal lsol4 is effected based on the calculated pressure reducing amount Pdown. .according to a 
predetermined relationship as represented; by the following equation (14). The relationsh.p .s .nd.cated by a 

45 curve of Fig. 26, for example. 

lsol4 = g (Pdown) (14) 
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Then, step S8 is implemented to apply the calculated drive signal lsol4 to the fourth solenoid-operated 

Va ' V The belt tension regulating routine of Fig. 18 is repeatedly executed while the vehicle is running in the 
forward direction with the lock-up clutch 36 held in the engaged state. As a result the second l.ne pressure 
Pl2 produced by the second pressure reflating valve 102 is kept considerably close to the optimum value 
Popt Seated by the dashed lines in Fig? 21. depending upon tne speed ratio 'V and the Mtooponno 
angle Oth. Therefore, the oil pump 74 asjthe hydraulic power source for the power transm.tt.ng system .s 
operated with a minimum amount of poweif loss. . in „ rrtrtraf 

According to the present hydraulic control apparatus using the electrons control dev.ee 460 .ncorporat- 
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ing means for executing the belt tension regulating routine of Fig. 18, the drive signal lso!4 to be applied to 
the fourth solenoid-operated valve 346 to generate the fourth pilot pressure Psol4 is determined by the 
electronic control device 460 so that the second line pressure P12 produced as the belt tensioning pressure 
by the second pressure regulating valve 102 coincides with the optimum value Popt Ptheory - Pcfg), i.e., 
5 so that the second line pressure P£2 is positively lowered from the mechanically established basic output 
pressure Pmec of the valve 102 by the calculated pressure reducing amount Pdown, by the controlled pilot 
pressure Psol4 applied to the chamber 136 of the valve 102. Thus, the second line pressure P12 is 
regulated so as to substantially follow the icurve of the optimum value Popt suitable for maintaining the 
tension of the belt 44 at the required mihimum level, so that the oil pump 74 is operated without a 
w considerable power loss while preventing slipping of the belt 44 on the pulleys 40, 42. It will be understood 
that the second pressure regulating valve; 102 functions to generate the belt tensioning pressure P£2 
depending upon the current speed ratio n r"> of the CVT 14 and the currently required output of the engine 
10 in the form of the throttle opening angle flth detected by the THROTTLE sensor 468, 

It is also noted that the electronic control device 460 calculates the value log. r of the speed ratio "r, 
is and calculates the basic output pressure Prnec of the valve 102 based on the value log. r of the currently 
determined speed ratio " r" and the currently detected throttle opening angle 6th (currently required output 
of the engine 10), according to the predetermined relationship among the three values log. r, 0th and Pmec. 
This manner of calculating the Pmec requires a considerably reduced amount of program data, as 
compared with the conventional manner whibh requires interpolation of two-dimensional maps for improving 
20 the calculating accuracy. Suppose the spjeed ratio is taken along an evenly calibrated axis, the belt 
tensioning pressure P12 produced by the second pressure regulating valve 102 is represented by a straight 
line where the belt tensioning pressure is lojwer than the SPEED-RATIO pressure Pr, but is represented by 
a curved line where the belt tensioning pressure is higher than the pressure Pr. When this curved line is 
estimated by the conventional interpolation iof two-dimensional data map, a tremendously large number of 
25 interpolated points must be obtained. In ttie example of Fig. 27, the speed ratio V is taken along the 
evenly calibrated x-axis, and the basic output pressure Pmec of the second pressure regulating valve 102 is 
indicated by solid lines. As is apparent from the figure, the basic output pressure Pmec higher than the 
SPEED-RATIO pressure Pr is representee!! by logarithmic curves. When these logarithmic curves are 
approximated by ordinary interpolation of ai two-dimensional map, the curves of the basic output pressure 
30 Pmec must be represented by an extrerrjely large number of interpolated points (data points), which 
requires an accordingly large data storage capacity and complicated arithmetic operations of a control 
device. According to the control device 460; used in the present embodiment, the value log. r of the speed 
ratio "r" is taken along the x-axis as indicated in Fig. 21, and the basic output pressure Pmec is 
represented by two straight lines which arje connected at the point of intersection with the straight line 
35 representing the pressure Pr, The stored m;ap (r, 0th) used in step S5 is represented by a relatively small 
number of data points, and the memory capacity of the ROM of the control device 460 can be made 
considerably small, and the required arithmetic operations may be simplified. 

In the present embodiment, the fourth solenoid-operated valve 346 is a normally open valve, so that a 
failure of the valve 346 due to an electric defect simply causes an increase in the second line pressure P12 
40 by the amount Pdown, namely, merely causes the pressure PZ2 to remain equal to the basic output 
pressure Pmec, permitting the transmission belt 44 to operate without slipping and assuring a continuing 
safe running of the vehicle. j 

Referring to the flow chart of Fig: 28, tljiere will be described a manner of determining the drive signal 
!so!4 applied to the fourth solenoid-operated valve 346. Initially, step S7-1 is implemented to determine 
45 whether the optimum value Popt calculate^ in step S5-3 is equal to or higher than the SPEED-RATIO 
pressure Pr, or not. If a negative decision 1 (NO) is obtained in step S7-1 f step S7-2 is implemented to 
determine whether the basic output pressure Pmec of the second pressure regulating valve 1 02 is equal to 
or smaller than the SPEED-RATIO pressur? Pr, or not. If an affirmative decision (YES) is obtained in step 
S7-1, the control flow goes to step S7-3 irj which the pilot pressure Psol4 is calculated according to the 
so following equation (15): \ 

Psol4 = (A37A2') Pdown (15) j 

] 

where, { 

55 « 

A3 1 = A3 - A2 

i 

A2' = A2 - A1 j 
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If the pressure Popt is lower than the pressure Pr arid the pressure Pmec is equal to 
pressure Pr, an affirmative decision (YES) isiobtained in step S7-2, and the control flow goes to step S7-4 ,n 
which the pilot pressure Psol4 is calculated Recording to the following equation (16): 

Psol4 = [(A1 + A3')/A2'] Pdown (16) ; 

t 

If the pressure Popt is lower than the pressure Pr and the pressure Pmec is higher than the pressure 
Pr. a negaL decision (NO) is obtained injstep S7-2. and the control flow goes to step S7-5 in wh.ch the 
pilot pressure Psol4 is calculated according !to the following equation (17): 

Psol4 = (A3VA2') Pdown + (A1/A2*) (Pr - Pjopt) (17) 

The second pressure regulating valve lj)2 is operated so as to satisfy the following equation (18): 

i 

p t2 =• [(A4'Pth + W - A1 «Pr) - (A2 - A1)1Psol4]/(A3 - A2) (18) 

20 \ 

1 

Therefore, the relationship between thi pilot pressure Psol4 and the pressure reducing amount Pdown 
obtained from the pilot pressure Psol4 to lower the basic output pressure Pmec to the desired Ibeft 
tensioning pressure P12 is derived from the above equation (18). In the case where : the ^optimum pressure 

2S Popt is equal to or higher than the SPEED-RATIO pressure Pr. as indicated at A .n Fig. 21. the pilo 
pressure Psol4 is calculated according to the above equation (15). In the case where the basic outout 
pressure Pmec is lower than the pressure Pr. as indicated at "B" in Fig. 21. the pilot pressure Psol4 ,s 
calculated according to the above equation (16). In the case where the pressure Popt is lower *an the 
pressure Pr and the pressure Pmec is higher than the pressure Pr, as indicated at C in Fig. 21, the pilot 

30 pressure Psol4 is calculated according to the above equation (17). whose right member cons.sts of two 
terms to be added to each other, the two terms representing the two components of the pilot pressure 
Psol4 which correspond to the portions above and below the two-dot chain line Pr in Fig. 21 . 

Steps S7-3. S7-4 and S7-5 are followed by step S7-6 in which the drive signal lsol4 (duty cycle D 5 4) of 
the fourth solenoid-operated valve 346 Ms determined based on the calculated pilot pressure Psol4. 

35 according to a predetermined stored relationship as represented by a curve of Fig. 29. In step S8 of the belt 
tension regulating routine of Fig. 18. the] determined drive signal lsol4 is applied to the fourth solenoid- 
operated valve 346 to operate the valve 346 with the corresponding duty cycle Ds4, so that the second line 
pressure P 12 generated by the second [pressure regulating valve 102 provides a suitable beat tensioning 
pressure for maintaining the tension of the! belt 44 at the required minimum level. 

40 As explained above, the present embodiment is adapted to determine the drive signal lsol4 to be 
applied to the fourth solenoid-operated v^lve 346. according to the equations (15). (16) and (17) which are 
selected depending upon the specific funning condition of the vehicle, as indicated in Fig. 28. i.e., 
depending upon the specific combination! of the speed ratio V and the throttle opening angle eth. so that 
the second line pressure Pt2 actually generated by the second pressure regulating valve 102 is approxi- 

45 mate to the optimum value Popt. by lowering the calculated basic output pressure Pmec of the valve 102 by 
the amount Pdown. This arrangement assures improved accuracy in adjusting the tension of the belt 44. 

Other embodiments of the present ; invention will be described. For easy understanding, the same 
reference numerals and characters as used in the preceding embodiment will be used in the following 
description, to identify the functionally corresponding components, and no redundant description of these 

so elements will be provided in the interest of brevity and simplification. 

Referring to Rg. 30, there is shown, k modified belt tension regulating routine alternative to that of Fig. 
18. In this embodiment, steps S2-1 through S2-4 are substituted for step S2 of Fig. 18, so that the 
theoretically optimum value Ptheory of the .second line pressure P12 is calculated for the negative-torque 
running of the vehicle, as well as for-theipositivertorque running. The negative-torque running is interpreted 

55 to mean the running of the vehicle in a j negative-torque mode in which an engine brake is applied to me 
vehicle so that the torque is transmitted Sfrom the drive wheels 24 to the engine 10. More specifically, step 
S1 is followed by step S2-1 to determine whether the output torque Te calculated in step S1 is negative or 
not. If the calculated output torque Te 'of the engine 10 is not negative, this means that the vehicle is 

i 

• i 
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normally running in a positive-torque with the. torque being transmitted from the engine 10 to the drive 
wheels 24. In this case, step S2-1 is followed by step S2-2 identical to step S2 of Fig. 18, in which the 
theoretically optimum value Ptheory is calculated according to the above equation (4). If the calculated 
engine output torque Te is positive, this means the negative-torque running of the vehicle with an engine 

5 brake being applied, step S2-1 is followed by step S2-3 in which a thrust ratio t of the first and second 
hydraulic cylinders 54, 56 during the negative-torque running, based on the currently determined speed 
ratio "r" of the CVT 14, according to a predetermined stored relationship as represented by the uppermost 
straight line in Fig. 31. This figure also indicates the relationships between the thrust ratio r and the speed 
ratio M r" during the non-load running and the positive-torque running. The thrust ratio r is a ratio Wout/Win 

ro where Wout and Win represent the thrust forces that are required to be generated by the respective first 
and second hydraulic cylinders 54, 56, for the CVT 14 to transmit the negative torque Tin received from the 
drive wheels 24 to the engine 10, without flipping of the belt 44. Step S2-3 is followed by step S2-4 in 
which the theoretically optimum value Ptheory is calculated according to the following equation (19): 

is Ptheory = K(1 + r)'r|Tel (19) ; 

In the present modified embodiment ojf Fig. 30, the second line pressure P12 as the pressure for 
tensioning the belt 44 can be accurately regulated so as to coincide with the optimum value Popt even 

20 when the vehicle is running in the negative^torque or engine-braking mode, whereby the power loss of the 
oil pump 74 is further minimized. In addition, the present embodiment is advantageous for reduced 
operating noise of the belt 44 during the engine-braking running, and further improvement in the durability 
or life expectancy of the belt 44. ] 

Referring next to Fig. 32. there is shown a part of the hydraulic system in which the third solenoid- 

25 operated valve 330 is used exclusively for controlling the lock-up clutch 36. In this case, a routine consisting 
of steps S9-1 through S9-6 as indicated in fig. 33 may be inserted between steps S4 and S5 of the flow 
chart of 'Fig. 18, so that the optimum vafue Popt is increased by a suitable amount to accordingly increase 
the second line pressure P£2 during or upon starting of the vehicle, so as to permit the vehicle to start 
without slipping of the belt 44. Namely, step 1S4 of Fig. 1 8 for calculating the optimum value Popt is followed 

30 by step S9-1 to determine whether the signal LL generated by the ENGINE IDLING switch 476 is ON or not. 
The signal LL indicates that the accelerator; pedal is in the released position. i.e;, the engine 10 is in the 
idling condition. If the signal LL is hot ON, this means that the accelerator pedal is depressed, step S9-1 is 
followed by step S9-2 to determine whether! the vehicle speed V is equal to or lower than a predetermined 
positive reference value Vo, or not. This reference value Vo is determined to check in step S9-2 whether the 

35 vehicle is in the process of starting. For this purpose, the reference value Vo is usually selected within a 
range between 2km/h and 5km/h, below which it is determined that the vehicle is in the process of starting 
and the second line pressure P£2 should be increased to prevent slipping of the belt 44. If the signal LL is 
ON with the accelerator pedal placed in the jreleased position, step S9-1 is followed by step S9-3 in which a 
compensation value AP for the optimum value Popt is set to "0 n . If the signal LL is ON (if the vehicle is 

4o stopped with the engine 10 in the idling condition) but the vehicle speed V is higher than the reference 
value Vo, step S9-2 is followed by step S9-5. In this case, the vehicle is running at a relatively high speed, 
or the vehicle has been started, and the compensation value AP is also set to "0" in step S9-5. If the signal 
LL is ON and the vehicle speed V is equal to or lower than the reference value Vo, the vehicle is in the 
process of starting, and step S9-4 is implemented to set the compensation value AP to a predetermined 

45 value a. Steps S9-3, S9-4 arid S9-5 are followed by step S9-6 in which the set compensation value AP is 
added to the optimum value Popt calculated in step S4. That is, the calculated optimum value Popt is 
increased by the predetermined compensation value a only when the vehicle is in the process of starting. 

Jn the present modified embodiment off Fig. 33, the second line pressure P!2 is made higher during 
starting of the vehicle than in the preceding embodiments, so that the vehicle can be started without 

so otherwise possible slipping of the belt 44: ! In this respect, it is noted that the optimum value Popt as 
calculated according to the above equation; (4) is suitable as long as the pulleys 40, 42 are rotating at a 
relatively high speed, but is lower than required when the pulleys 40, 42 are in the process of rotating from 
the standstill condition, since the friction coefficient of the belt 44 with respect to the pulleys is insufficient in 
that process. According to the present embodiment, however, the tension of the belt 44 is increased due to 

55 an increase in the second line pressure > F%2 by the amount a until the vehicle speed has reached the 
predetermined reference value Vo. Abcordingly, the present embodiment is effective to prevent slipping of 
the belt 44 during starting of the vehicle, the timing chart of Fig. 34 shows changes in the throttle opening 
angle eth, second fine pressure PZ2 and vehicle running speed V, As is apparent from the timing chart, the 

20 
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^optimum value Popt indicated by dashed iline is increased by a upon starting of the vehicle or upon 
depression of the accelerator pedal to start the vehicle. 

Referring to Fig. 35, there is illustrated a further modified embodiment alternative to that of Fig. 33. 
Namely, step S9-7 is substituted for step S9-2 of Fig. 33, to determine whether the speed ratio "r" is equal 
5 to or higher than a predetermined reference value M ro", or not, to determine whether the vehicle is in the 
process of starting. If the speed ratio "r" is lower than the reference value "ro", step S9-7 is followed by 
step S9-5, since the vehicle has been started. If the speed ratio V is equal to or higher than the reference 
value, step S9-7 is followed by step S9-4, since the vehicle is in the process of starting. It is noted that the 
speed ratio "r" of the CVT 14, which is controlled based on the throttle opening angle 6th and the vehicle 

10 speed V according to the predetermined stored relation as described above, decreases from the maximum 
value r inax when the vehicle is started from the standstill condition. In this respect, the reference value "ro" 
is determined to be a lower limit above which the belt 44 may slip on the pulleys 40, 42 if the second line 
pressure P*2 is controlled to coincide with the normally calculated optimum value Popt, that is, if the 
optimum value Popt is not increased by the ^compensating value AP in step S9-6. 

75 Referring next to Fig. 36, there will be described a still further embodiment of the hydraulic control 
apparatus of the present invention. 

Briefly, the present embodiment is different from the first embodiment, in that the second line pressure 
reducing control valve 380 and the first line pressure reducing control valve 440 function in the present 
embodiment as a first and a second relay yalve to be controlled by the fourth and third solenoid-operated 

20 valve 346, 330, respectively. Further, the ^irst and second pressure regulating valves 100, 102, lock-up 
clutch control valve 320, lock-up clutch rapid release valve 400 and REVERSE INHIBIT valve 420 are 
partially modified, and the pilot pressure Switch valve 350 and the accumulator 372 are eliminated. The 
present embodiment is also characterized • by a linear solenoid-operated valve (proportioning valve) 500 
which is provided to generate a pilot pressure PsolL in place of the pilot pressure Psol4 in the preceding 

25 embodiments. The electronic control deyiefe 460 is adapted to selectively establish one of eight hydraulic 
control modes A through H indicated in Fig437, depending upon the running condition of the vehicle. 

As shown in Fig. 38, the plunger 116 of the second pressure regulating valve 102 used in the present 
embodiment has a land 117 having a cross sectional area A4 adapted to receive the THROTTLE pressure 
Pr, and a land 119 having a cross sectional j area A4 1 larger than the area A4. Between these two lands, 117, 

30 119, there is formed a chamber 133 adapted to receive the pilot pressure PsolL from the port 442b of the 
second relay valve 440, to increase the second line pressure pi2. The pilot pressure PsolL is also applied 
to the chamber 136 of the valve 102, frpm the port 382c of the first relay valve 380. In the present 
embodiment, the second line pressure Pi£ is lowered by the pilot pressure PsolL generated by the linear 
solenoid-operated valve 500, according to the following equation (20): 

35 i . . 

■P12 = [A4*Pth + W - A1 *Pr -,{A2 - Ai)-RsolL]/(A3 - A2) (20) 

. ! 

The linear solenoid-operated valve 500 is adapted such that the pilot pressure PsolL is continuously 

40 changed with a change in the drive signal] (voltage or current) applied thereto from the electronic control 
apparatus 460. The valve 500 is a pressure^ reducing valve which, as shown in detail in Fig. 39, has a spool 
502 operated to regulate the fourth line pressure P14 into the pilot pressure PsolL, a linear solenoid coil 504 
which is energized by the drive signal received from the control device 460, a core 506 for biasing the 
spool 502 toward a pressure-increase position upon energization of the coil 504, a spring 508 for biasing the 

45 spool 502 toward a pressure-decrease position, and a feedback chamber 510 adapted to receive the output 
pressure PsolL for biasing the spool 502 toward the pressure-decrease position. The spool 502 is positioned 
for equilibrium of forces acting in the opposite directions, namely, moved to a position at which the force 
produced by the core 506 to bias the spool 502 toward the pressure-increase position is equal to a sum of 
the biasing force of the spring 508 and.the force produced by the pilot pressure PsolL in the feedback 

so chamber 510 to bias the spool 502 toward the pressure-decrease position. As a result, the output pilot 
pressure PsolL is changed in relation to the drive signal, for example, drive current IsolL applied to the coil 
504 frpm the control device 460, as indicated by a characteristic curve shown in Fig. 40. The fourth line 
pressure Pt4 received by an input port 512 of the valve 500 is reduced to the output pilot pressure PsolL at 
an output port 514, which is connected to the port 382b of the first relay valve 380. Therefore, when the 

55 fourth solenoid-operated valve 346 is ON^amely, when the first relay valve 380 is ON, the pilot pressure 
PsolL is applied to the chamber 133 of the second pressure regulating valve 102 through the second relay 
valve 440, whereby the second line pressure P£2 is increased depending upon the pilot pressure PsolL. 
When the fourth solenoid-operated valve $46 is OFF, namely, when the first relay valve 380 is OFF, the 
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pilot pressure PsolL is applied to the chamber . 136 of the valve 102, whereby second line pressure P12 is 
lowered depending upon the pilot pressure PsolL. In the present embodiment, the fourth line pressure p!4 
or the second line pressure Pl2 is regulated according to the pilot pressure PsolL generated by the linear 
solenoid-operated valve 500, when the back pressures of the accumulators 340, 342 are controlled in the 
s back-pressure control mode F, when the second line pressure P12 is lowered in the high-speed running 
mode D or in the neutral shifting mode B, or when the second line pressure P*2 is increased in the rapid 
shift-down mode H. In the table of Fig. 37 f ;"ON" state of the linear solenoid-valve 500 is a state in which 
the pilot pressure PsolL is present. 

Referring to Fig. 41, there will be described an operation of the electronic control device 460 when the 

10 vehicle is running in the lock-up clutch engagement mode C of Fig. 37. 

Initially, step SS1 is implemented to read the speeds Nin and Nout of the input and output shafts 30, 
38, speed Ne of the engine 10, throttle opening angle 0th, and vehicle running speed V. Step SS1 is 
followed by step SS2 to determine the speed ratio V of the CVT 14. Then, the control flow goes to step 
SS3 to calculate the output torque of the engine 10, i.e., the input torque Tin of the CVT 14, based on the 

is engine speed Ne and throttle opening angle eth, according to a predetermined stored relationship as 
represented by curves of Fig. 42. Step SS3 is followed by step SS4 to control the speed ratio V of the 
CVT 14 based on the calculated input torqtjie Tin and the detected vehicle speed V, so as to operate the 
engine 10 with minimum fuel consumption a'nd maximum drivability of the vehicle. In step SS4, the control 
device 460 selects the lock-up clutch engagement control mode C of Fig. 37 if a predetermined condition 

20 for engaging the lock-up clutch 36 is satisfied. The determination as to whether the condition is satisfied or 
not is effected based on a selected parameter or parameters such as the vehicle speed V. 

Then, the control flow goes to step SS5 and subsequent steps for regulating the second line pressure 
P*2 while the fourth solenoid-operated valve 346 is OFF. Namely, step SS5 is implemented to calculate an 
effective diameter Din of the pulley 40 of the first hydraulic cylinder 54, i.e;, the diameter Din of the pulley 

25 40 engaging the belt 44, based on the spfed ratio w r", according to a predetermined stored, relation as 
represented by a curve indicated in Fig. 43. Step SS5 is followed by step SS6 to calculate the optimum 
value of the second line pressure PI2, based on the calculated diameter Din and the speed Nout of the 
output shaft 38, according to a predetermined stored relation as represented by the following equation (21): 

30 Popt = C1 # Tin/Din - C2* Nout 2 + AP (21) 

■ i . • • 

where, C1 and C2 are constants. 

The second term of the right member ; of the above equation (21) is provided for compensating the 
optimum value Popt for an increase in the pressure in the second hydraulic cylinder 56 due to a centrifugal 
as force produced by rotation of that cylinder, and the third term is for adding an extra amount to the 
theoretically optimum value. 

Then, the control flow goes to step SS*7 to calculate the SPEED-RATIO pressure Pr, based on the 
calculated diameter Din, according to the following equation (22): 

40 Pr = C3* Din-C4 (22) *' 
where, C3 and C4 are constants. 

Step SS7 is followed by step SS8 to determine whether the optimum value Popt calculated in step SS6 
is equal to or higher than the SPEED- RATIOjpressure Pr calculated in step SS7, or not, that is, to determine 
45 whether the optimum value Popt is above thi solid line Pr indicated in Figs. 44, 45 arid 4$ or not. 

If an affirmative decision (YES) is obtained in step SS8, the control flow goes to step SS9 in which the 
pressure Pr calculated in step SS7 is used^for a variable Pr* included in an equation (24) described later 
with respect to step SS12. If a negative decision (NO) is obtained in step SS8, then the control flow goes to 
step SS10 in which the optimum value Popt calculated in step SS6 is used for the variable Pr' of the 
50 equation (24). 

Steps SS9 and SS10 are followed by step SS11 to calculate the THROTTLE pressure Pth, based on 
the currently detected throttle opening angle 6th, according to a predetermined stored relationship or data 
map as represented by the following equation (23). Step SS1T is followed by step SS12 to calculate a 
modified basic output pressure Pmec' of the second, pressure regulating valve 102, based on the variable 
55 Pr' and the THROTTLE pressure Pth, according to a predetermined stored relationship as represented by 
the equation (24). }. 

Pth = Map (8th) (23) :? 
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Pmec* = C5 + C6*Pth - 07*9? (24) 

where, C5, C6 and C7 are constants, 
s Then, the control flow goes to step SSI 3 to determine the pilot pressure PsolL of the linear solenoid- 
operated valve 500, based on the modified; basic output pressure Pmec' calculated in step SS12 and the 
optimum value Popt calculated in step SS6, according to a predetermined stored relationship as repre- 
sented by the following equation (25): 

io PsoiL = C8(Pmec' - Popt) (25 

where, C8 is a constant. 

Step SS13 is followed by step SS14 to determine an analog drive signal in the form of the drive current 
IsolL to be applied to the solenoid coil 504; of the valve 500 for generating the determined pilot pressure 

is PsolL. This determination is effected according to a predetermined stored relationship as represented by 
the curve of Fig. 40. In the following step SS15. the determined drive current IsolL is applied to the solenoid 
coil 504 of the linear solenoid-operated valve 500. 

The above-indicated step SS8 is provided to determine whether the optimum value Popt calculated in 
step SS6 is above the inclined straight line! of Figs. 44-46 indicative of the SPEED-RATIO pressure Pr, or 

20 not. If the optimum value Popt is above the] inclined straight line Pr, the variable Pr* of the right member of 
the equation (24) is replaced by the valuie Pr, whereby the modified basic output pressure Pmec 1 is 
obtained as indicated in Fig. 44. This value Pmec' is equal to the second line pressure P12 (Pmec) which is 
regulated by the second pressure regulating valve 102 according to the above equation (2) when the pilot 
pressure PsolL is not applied to the chamber 136 of the valve 102. Since the pilot pressure PsolL is 

25 determined in step SS13 so that the pilot pressure PsolL corresponds to a difference (Pmec 1 - Popt), the 
second line pressure PZ2 is lowered from the value Pmec 1 down to the optimum value Popt, when the pilot 
pressure PsolL is applied to the chamber 13j6 of the valve 500. 

If the optimum value Popt is below the.iinclined straight line Pr, the variable Pr* . of the right member of 
the equation (24) is replaced by the valued Popt, whereby the modified basic output pressure Pmec' is 

30 obtained as indicated in Figs. 45 and 46J Unlike the optimum value Popt, this value Pmec 1 does not 
correspond to the current speed ratio "r". That is, the value Pmec f is not found on a straight line which 
passes the current speed ratio V and which is parallel to the axis of the pressure (Pt2). Instead, the value 
Pmec' lies on a straight line which is parallel to the axis of the pressure and which passes an intersection 
between the straight line Pr and a straight line which is parallel to the axis of the speed ratio V and which 

35 passes the optimum value Popt, as indicated in Figs. 45 and 46. With the pilot pressure PsolL determined 
based on the thus determined value PmeeLa^ the second line 

pressure Pt2 is lowered to the optimum value '^r€P\" - 

The pilot pressure PsolL thus determined also reflects an amount by which the basic output pressure 
Pmec is lowered to the optimum value Pop* along a straight line which passes the current speed ratio n r n . 

40 In the present embodiment, the amount of reduction of the basic output pressure Pmec of the valve 102 to 
the optimum value Popt lower than the SPEWED- RATIO pressure Pr is converted by the amount of reduction 
of the modified basic output pressure Pmeb* to the optimum value Popt as if the value Popt were higher 
than the value Pr. According to this arrangement, the required pilot pressure PsolL can be readily obtained 
even for the region above the straight line! Pr, by simply calculating the difference (Pmec 1 - Popt), rather 

45 than using the rather complicated, different -equations (15), (16)" and (17) in the respective three cases in the 
first embodiment. The simplified calculation leads to reduction in the calculating error by the electronic 
device 460, and improved accuracy of regulation of the second line pressure P12. 

In the present embodiment, the linear solenoid-operated valve 500 generates the pilot pressure PsolL 
which varies with a change in the analog drive signal applied thereto, for regulating the second and fourth 

so line pressures P12, P14. This arrangement permits improved durability of the valve 500, reduced fuel 
consumption of the engine 10 and reduce^ operating noise of the CVT 14, and enhanced smoothness of 
shifting of the CVT, while at the same tirjne eliminating the accumulator 372 which is used in the first 
embodiment. for the purpose of preventing !a pulsation which corresponds to the .duty cycling frequency of 
the solenoid-operated value 346 used for generating the pilot pressure Pso14. Further, the present 

55 embodiment permits improved accuracy arjid response in regulating the fourth line pressure PI4 used for 
controlling the back pressures of the accumulators 340, 342, as compared with the first embodiment using 
the solenoid-operated valve 346 which is turned on and off with a controlled duty cycle. 

Further, the present embodiment is adapted such that a failure of the linear solenoid-operated valve 500 
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due to an electrical defect simply causes the second line pressure P 12 to be equal to the value Pmec, 
permitting a normal continuing run of the vehicle with the CVT 14 operating without slipping of the belt 44. 

Referring to the flow chart of Fig. 47, there is illustrated a modification of step S13 of Fig. 41 of the 
preceding embodiment. Namely, the embodiment of Fig. 47 is adapted to execute steps SS13-1 and SS13- 
5 2. In step SS13-2, the pilot pressure PsolL is calculated according to the following equation (26): 

i 

PsolL = K1 *C8 (Pmec 1 - Popt) (26) ! 



io The above equation (26) is different from tho above equation (25) used in step SS13 of Fig. 41, in that 
the pressure PsolL according to the equation (26) is obtained by multiplying the right member of the 
equation (25) by a negative-torque compensation constant or factor K1. 

Step SS13-2 is preceded by step SS13-1 to calculate the negative-torque compensation factor K1 t 
based on the calculated input torque Tin, according to a predetermined stored relationship as indicated in 
15 the block of the step. According to this relationship, the factor K1 is n Q n when the input torque Tin is 
negative, and "V when the input torque Tin is larger than a predetermined positive value Ta. The factor K1 
increases from "0 W to n t" as the input torque Tin increases from "0" to the predetermined positive value 
Ta. Accordingly, the pilot pressure PsolLlfor reducing the second line pressure Pi 2 is the same as 
calculated in step SS13 of the preceding embodiment of Fig. 41 if the input torque Tin is equal to or larger 
20 than the predetermined value Ta. If the input torque Tin is a negative value, the pilot pressure PsolL is zero 
whereby the second line pressure P£2 is npt lowered from and the same as the basic output torque Pmec 
indicated in solid lines in Fig. 21. If the input torque Tin is between "0" and the predetermined positive 
value Ta, the pilot pressure PsolL increases from zero with an increase in the input torque Tin; 

In the present embodiment of Fig. 47, the second line pressure P12 is raised from the relatively low 
25 optimum value Popt to the relatively high | basic output pressure Pmec, when the input torque Tin is a 
negative value, for example, when the vehicle is running with engine brake applied to the vehicle. 
Consequently, the present arrangement is effective to prevent slipping of the belt 44 which would otherwise 
tend to occur more easily during a negative-torque running of the vehicle. In this respect, it is noted that the 
thrust force W (Tin) necessary to prevent slipping of the belt 44 is constant irrespective of the positive or 
30 negative value of the input torque Tin, while the thrust ratio Wout/Win of the hydraulic cylinders 54, 56 to 
maintain the speed ratio V during the negative-torque running of the vehicle should be larger than in the 
positive-torque running and larger than n r, {Accordingly, the thrust force Win of the first hydraulic cylinder 
54 should be larger than the thrust force Wout of the second hydraulic cylinder 56 during the negative- 
torque running. Consequently, the thrust fofce Wout tends to be smaller than the above-indicated thrust 
35 force W (Tin) during the negative-torque running. This phenomenon requires the second line pressure P£2 
to be higher as indicated in solid lines in Fig. 48 when the input torque Tin is negative than when the input 
torque Tin is positive. However, the absolute value iTinl tends to fluctuate as indicated in dashed lines in 
Fig. 48. To absorb this fluctuation, the second line pressure P12 (= Pmec) is regulated as indicated in one- 
dot chain lines in Fig. 48 according to the present arrangement. The minimum or lowest value indicated in 
40 the one-dot chain line corresponds to the predetermined positive value Ta of the input torque Tin. After the 
input torque Tin has been lowered to the predetermined positive value Ta, the negative-torque compensa- 
tion factor K1 is reduced from T toward; fO", to raise the second line pressure P £2 from the optimum 
value Popt toward the basic output pressure Pmec. 

Referring to Fig. 49, there are shown steps SS6-1 through SS6-4 which are executed in place of step 
45 SS6 in the embodiment of Fig; 41. In this modified embodiment of Fig. 49, step SS6-1 is initially executed 
to calculate a modified torque value Tc (y-axis intercept torque value Tc) of the CVT 14 when the input 
torque value Tin is zero. This calculation of the modified torque value Tc is effected based on the throttle 
opening angle flth, according to a predetermined stored relationship as represented by a curve shown in 
Fig. 50. Step SS6-1 is followed by step SS6-2 to calculate a positive torque value T A corresponding to a 
so minimum, modified input torque Tins, basekJron the engine speed Ne, according to a predetermined stored 
relationship as represented by a curve shown in Fig. 51. While the positive torque value T A may be a 
constant value, it is desirable to calculate this value according to the curve of Fig. 51 so that the modified 
. input torque value tins to be obtained corresponds to the characteristic of the engine 10. Then, the- control 
flow goes to step SS6-3 to determine a relationship as indicated in the block of the step, based on the 
55 calculated modified iorque value or y-axis intercept torque value Tc and the calculated positive torque value 
T A .and determine the modified input torque!; tins based on the currently calculated input torque Tin. Step 
SS6-3 is followed by step SS6-4 to calculate the optimum value Popt according to the following equation 
(27), which includes the modified input torque Tins in place of the value Tin of the above equation (21). 
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Popt = C1 •Tins/Din - C2*Nout 2 + AP (27) 

s In the present modified embodiment of Fig. 49, the optimum value Popt approaches the basic output 
pressure Pmec of the second pressure regulating valve 102 as the input torque Tin decreases toward zero, 
whereby the slipping of the belt 44 may be Effectively prevented during the negative-torque running of the 
vehicle, as in the embodiment of Fig. 47. 

The embodiment of Fig. 49 is also advantageous because it permits compensation of the second line 

10 pressure Pt2 for an increase in the pressure of the hydraulic cylinder 56 due to the centrifugal force even 
during the negative-torque running. In the embodiment of Fig. 47, the pilot pressure PsolL is zero according 
to the equation (26) when the negative-torque compensating factor K1 is M 0" during the negative-torque 
running, whereby the compensation for the centrifugal pressure increase cannot be effected, although it is 
necessary during a high-speed running of th£ vehicle with an engine brake applied thereto. 

rs Referring next to Fig. 52, there are illustrated steps SS13-11 and SS13-12 which are executed in place 
of step SS13 of Fig. 41. In this embodiment, step SS13-11 is implemented to determine a factor based on 
the duty cycle of the second solenoid-operated valve 268. according to a predetermined stored relationship 
as indicated in solid line in the block of the^step in Fig. 52. Then, the control flow goes to step SS13-12 to 
calculate the pilot pressure PsolL of the linea/ solenoid-valve 500 according to the following equation (28): 

20 \ 

PsolL = K2*C8 # (Pmec f • Popt) (28) 

I 

where, C8 is a constant. j 

Since the duty cycle of the second soljenoid-operated valve 268 determines the position of the valve 

25 spool of the flow control valve 264 between the fully open and fully closed positions, that is, the rate of flow 
of the fluid through the flow control valve; 264, the above relationship used to determine the factor K2 
changes the factor K2 with a change in the' speed of shifting of the CVT 14. When the CVT 14 is shifted 
down or up at a relatively low rate, the factor K2 is determined to be "1 The factor K2 decreases from "1 " 
toward "0" as the shifting speed of the CVT : '14 increases. 

30 In the present embodiment of Fig. 52, the factor K2 is determined in step SS13-1 so that the factor K2 
decreases with an increase in the shift-up or shift-down speed of the CVT 14. As a result, the pilot pressure 
PsolL (equivalent to an amount by which the basic output pressure Pmec is lowered to obtain the second 
line pressure Pt2) to be generated by ttie linear solenoid-operated valve 500 according to the above 
equation (28) is reduced as the shifting speed of the CVT 14 increases. Accordingly, the second line 

35 pressure P12 increases with an increase in be CVT shifting speed. If the factor K2 is "0", for example, the 
pilot pressure PsolL is zero, and the second line pressure P12 is equal to the basic output pressure Pmec 
and is not lowered to the optimum value Pcipt. In this respect, it is noted that during a shifting action of the 
CVT 14, the equilibrium of the thrust force^ of the first and second hydraulic cylinders 54, 56 tends to be 
lost, making it difficult to suitably regulate the tension of the belt 44, whereby the regulation of the; second 

40 line pressure PI 2 so as to coincide with the calculated optimum pressure Popt is not significant. Rather, it 
is desirable to reduce the pilot pressure PsolL to increase the second line pressure P12 with respect to the 
optimum value Popt, so that the difference between the basic output pressure Pmec and the optimum value 
Popt is effectively utilized as an extra pressure for adding an extra tension to the belt 44 of the CVT 14 prior 
to the initiation of a shifting action of the CVT, for preventing slipping of the belt 44. The timing chart of Fig. 

45 53 shows that the second line pressure Pl2 is increased prior to the shifting action of the CVT 14. Namely, 
the duty cycle of the second solenoid-operated valve 268 is initially determined to command the CVT 14 to 
be shifted and at the same time determine the factor K2 and calculate the pilot pressure PsolL of the linear 
solenoid-operated valve 500 (steps SS13-1;1 and SS13-12). The second pressure regulating valve 102 is 
operated according to the calculated PsolL so that the second line pressure Pt2 has been increased before 

50 the CVT 14 is shifted with a change in the rate of flow of the fluid through the flow control valve 264. 
According to this arrangement, the second; line pressure P12 is increased above the optimum value Popt 
suitable for the input torque Tin, as indicated in Fig. 54, even when the input torque Tin rapidly increases. 
The timing chart of Fig. 55 shows a conventional manner of regulating the second line pressure Pi when 
the CVT 14 is shifted. Described more specifically, the input torque Tin and the desired or optimum 

55 pressure Popt are successively calculated based on a change in the engine speed Ne which arises from an 
actual shifting action of the CVT 14. The second line pressure P12 is regulated by the second pressure 
regulating valve 102 so that the pressure PI 2 coincides with the optimum value Popt. This conventional 
arrangement inevitably suffers from a time delay between the change in the input torque Tin and the actual 

25 
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change or increase in the second line pressure P12, whereby the belt 44 tends to be slip due to an inertial 
torque. To soive this drawback, a relatively large extra pressure should be added to the second line 
pressure P£2, as indicated in Fig. 56, leading to a power loss of the hydraulic power source. 

Referring to Fig. 57, there are shown steps SS6-11 through SS6-14 which are executed in place of step 

5 SS6 of the embodiment of Fig. 41. In this embodiment, step SS6-11 is implemented to determine an inertial 
torque value Tc of the CVT 14, based on; the throttle opening angle 0th, according to a predetermined 
relationship. This inertial torque value Tc is a sum of the nominal input torque Tin and an extra value due to 
the inertia upon rapid shifting of the CVT A 4. Then, step SS6-12 is executed to determine a factor K2, 
based on the duty cycle of the second solenoid-operated valve 268, according to a predetermined stored 

10 relationship as indicated in solid line in the block of the step in Fig. 57. Then, the control flow goes to step 
SS6-13 to calculate a modified torque value Tins for calculating the optimum pressure Popt, according to 
the following equation (29): 

Tins = Tc-K2*(Tc-Tin) (29) 

75 

Since the duty cycle of the second sofenoid-operated valve 268 determines the position of the valve 
spool of the flow control valve 264 between jhe fully open and fully closed positions, that is, the rate of flow 
of the fluid through the flow control valve 264, the above relationship used to determine the factor K2 in step 

20 SS6-12 is formulated to change the factor K£ with a change in the speed of shifting of the CVT 14, like the 
factor K2 in step SS1 3-11 of the preceding embodiment. When the CVT 14 is shifted down or up at a 
relatively low rate/the factor K2 is determined to be "1". The factor K2 decreases from n 1" toward "0" as 
the shifting speed of the CVT 14 increases, j 

The inertial torque value Tc is a tehtativjely determined input torque value corresponding to the second 

25 line pressure Pi2 suitable for tensioning th0 belt 44 when the input torque Tin rapidly changes. The right 
member of the above equation (29) is equaNto the nominal input torque Tin when the factor K2 is "1 M (when 
the shifting speed of the CVT 14 is relatively low), and is equal to the inertial torque value Tc when the 
factor K2 is "0" (when the shifting speed of; the CVT 14 is relatively high). Step SS6-13 is followed by step 
SS6-1 4 to calculate the optimum pressure Popt according to the following equation (30): 

30 • : 

Popt = C1 •Tins/Din - C2*Nout 2 + AP (30) 

.'■ ■ j- 

■ 1 

I 

In the present embodiment of Fig. 57, the optimum value Popt is adjusted depending upon the duty 
35 cycle of the second solenoid-operated valve 268 which controls the shifting speed of the CVT 14. As in the 
embodiment of Fig. 52, the second line pressure P12 is increased before the input torque of the CVT 14 is 
changed. It is also noted that only the first term of the right member of the above equation (30) is changed 
with the factor K2, while the second term ; is not changed with the factor K2. This arrangement permits 
suitable compensation of the second line pressure P 12 for a centrifugal increase in the pressure in the 
46 hydraulic cylinder 56 during a running of the| vehicle at a relatively high speed. 

Referring to Fig. 58, there are shown steps SS6-21 and SS6-22 which are executed in place of steps 
SS6-11, SS6-12 and SS6-13 of the preceding embodiment of Fig. 57. In this embodiment, step SS6-21 is 
implemented to determine an extra torque| value Tina based on the duty cycle of the second solenoid- 
operated valve 268, according to a predetermined stored relationship as indicated in the block of the step in 
45 Fig. 58. Then, step SS6-22 is implemented to calculate a modified torque value Tins, according to the 
following equation (31): I 

i 

Tins = Tin + Tina (31) 

. i 

50 

The relationship used in step SS6-21 is! determined such that the extra torque value Tina changes with 
the shifting speed of the CVT 14 which is determined by the duty cycle of the second solenoid-operated 
. valve 268. More particularly, the extra torque value Tina is equal, to "0" when the shifting speed is lower 
than a predetermined value, and increases vfrom "0" to a predetermined maximum with an increase in the 
55 shifting speed of the CVT 14 to the maximum value. The maximum of the extra torque value Tina is 
determined such that the optimum pressure Popt calculated according to the above equation (30) is equal 
to the basic output pressure Pmec when th0 maximum Tina is added to the calculated nominal input torque 
Tin according to the above equation (31). The determined extra torque value Tina is used in step SS6-22 for 
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calculating the modified torque value Tins according to the equation (31). Step SS6-14 is then executed to 
calculate the optimum pressure Popt according to the equation (30). 

In the present embodiment of Fig. 58, too, the optimum pressure Popt is adjusted depending upon the 
duty cycle of the second solenoid-operatedi value 268 which determines the shifting speed of the CVT 14. 
s In the above equation (30), only the first term of the right member is changed with the determined extra 
torque value Tina. Thus, the present embodiment provides the same effect as the preceding embodiment of 
Fig. 57. 

Steps SS13-11 and SS13-12 may be replaced by steps SS13-21 and SS13-22 as shown in Fig. 59. In 
this modified embodiment of Fig. 59, step SS13-21 is executed to determine a factor K3 based on a 
10 deceleration value G of the vehicle, according to a predetermined stored relationship as indicated in the 
block of the step in Fig. 59. Step SS13-21 is followed by step SS13-22 to calculate the pilot pressure PsolL 
of the linear solenoid-operated valve 500 according to the following equation (32): 

PsolL = K3 # C8 (Pmec' - Popt) (32) 

15 i 

The above relationship used in step SS13-21 is determined to change the factor K3 depending upon the 
currently determined deceleration value G pi the vehicle. More specifically, the factor K3 is "1" when the 
deceleration value G is lower than a predetermined value, and linearly decreases from n 1 " toward "0" as 

so the deceleration value G increases. 

In the present embodiment of Fig. 5j9, the factor K3 decreases with an increase in the vehicle 
deceleration value G t so that the pilot pressure PsolL (amount of reduction of the second line pressure PI 2 
from the basic output pressure Pmec) of the linear solenoid-operated valve 500, whereby the second line 
pressure P12 is increased with an increase in the deceleration value G. This manner of increasing the 

25 second line pressure Pt2 is also effective in preventing slipping of the belt 44 even when the input torque 
Tin of the CVT 14 is rapidly increased due to an inertia! torque in the event of an abrupt stop of the vehicle 
or locking of the vehicle wheels (24) on the| road surface. It is noted that steps SS13-21 and SS13-22 may 
be executed in addition to steps SS13-11 and SS13-12. In this case, the pilot pressure PsolL is calculated 
according to the following equation (33): 

30 

PsolL = K2'K3*C8 (Pmec 1 - Popt) (33) J 

• i 

Referring to Fig. 60, there are shown steps SS6-32 and SS6-33 which are executed in place of steps 
35 SS6-12 and SS6-13 of the embodiment of Fig. 57. In this embodiment, step SS6-32 is implemented to 
determine a factor K3 based on a currently detected deceleration value G of the vehicle, according to a 
predetermined relationship. Then, step SS6-33 is executed to calculate a modified torque value Tins for 
calculating the optimum pressure Popt, according to the following equation (34): 

40 Tins = Tc-K3-(Tc- Tin) (34) 

i 

i 

The relationship used in step S6-32 islsimilar to that used in step SS13-21 of the embodiment of Fig. 
59. ! 
45 In the present embodiment of Fig. 60, the modified torque value Tins calculated in step SS6-33 and the 
optimum value Popt calculated in step SS6-14 are increased depending upon the deceleration value G of 
the vehicle. This arrangement provides the; same advantage as the embodiment of Fig. 59. It is noted that 
steps SS6-32 and SS6-33 may be implemented in addition to steps SS6-12 and SS6-13 of Fig. 57. In this 
case, the modified torque value Tins is calculated according to the following equation (35): 

50 J 

Tins = Tc - K2 t K3*(Tc - Tin) (35) . , * J 

*i 

i 

j 

Referring to Fig. 61 , there are shown steps SS6-41 and SS6-42 which are executed in place of steps 
55 SS6-21 and SS6-22 of the embodiment of Fig. 58. In this embodiment step SS6-41 is implemented to 
determine an extra torque value Tinb based on the currently detected deceleration value G of the vehicle, 
according to a predetermined stored relationship as indicated in the block of the step in Fig. 61 . Then, step 
SS6-42 is implemented to calculate a modified torque value Tins, according to the following equation (36): 
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Tins - Tin + Tinb (36) 



The relationship used in step SS6-41 is determined such that the extra torque value Tinb changes with 
the shifting speed of the CVT 14 which is determined by the deceleration value G of the vehicle. More 
particularly, the extra torque value Tinb is equal to "0" when the deceleration value G is lower than a 
predetermined value, and increases from; "0" to a predetermined maximum with an increase in the 
deceleration value G to the maximum valuie. The maximum of the extra torque value Tinb is determined 
such that the optimum pressure Popt calculated according to the above equation (30) is equal to the basic 
output pressure Pmec when the maximum Tinb is added to the calculated nominal input torque Tin 
according to the above equation (36). The determined extra torque value Tinb is used in step SS6-42 for 
calculating the modified torque value Tins according to the equation (36). Step SS6-14 is then executed to 
calculate the optimum pressure Popt according to the equation (30). 

Like the embodiments of Figs. 59 and 60, the present embodiment of Fig. 61 is adapted to adjust the 
optimum pressure Popt depending upon the deceleration value G of the vehicle. It is noted that steps SS6- 
41 and SS6 : 42 may be implemented in addition to steps SS6-21 and SS6-22 of Fig. 58. In this case, the 
modified torque value Tins is calculated according to the following equation (37): 

Tins = Tin + Tina + Tinb (37) j 

j 
.i 

While the present invention has been described in its presently preferred embodiments by reference to 
the accompanying drawings, it is to be understood that the invention may be otherwise embodied, without 
departing from the spirit of the invention. 

For example, the routine for determining the drive signal lso!4 applied to the fourth solenoid-operated 
valve 346 of Fig. 2 may be replaced by a: routine as illustrated in Fig. 62. In this modified routine, step S7- 
10 is initially implemented to determine whether the BRAKE switch 472 is ON or not. If the switch 472 is not 
ON, step S7-11 is executed to implement steps S7-1 through S7-6 of the routine of Fig. 28 for determining 
the drive signal lsoI4. Step S7-1 1 is followed by step S7-13 to apply the determined drive signal lsol4 to the 
solenoid-operated valve 346. If the BRAKE :switch 472 is ON, step S7-10 is followed by step S7-12 to turn 
off the drive signal lsol4, namely; to zero the level of the drive signal lso!4, so that the duty cycle Ds4 of the 
valve 346 is zero. According to this arrangement, the pilot pressure Psol4 is zeroed with the drive signal 
IsoI4 turned off, to regulate the second line pressure P12 to be equal to the basic output pressure Pmec, 
when the BRAKE switch 472 is turned Oft, viz., when brake is applied to the vehicle. Accordingly, the 
second line pressure PI 2 is increased to prevent slipping of the Jbelt 44 when the vehicle. is abruptly braked 
or when the wheels (24) of the vehicle are Idcked on the road surface. 

In step S5-1 of the embodiment of Fig.;;22, the speed ratio w r w of the CVT 14 is calculated based on the 
speeds Kin and Nout of the input and outjbut shafts 30, 38 detected by the sensors 464, 466, the speed 
ratio "r" may be determined based on output signals from sensors for detecting the axial position of the 
axiaily movable rotor 50 or 52. 

In the illustrated embodiments, the THROTTLE pressure Pth produced by the throttle sensing valve 180 
which detects the throttle opening angle eth is used as a pressure representative of the currently required 
output of the engine 10. Where the hydrauRc control apparatus of the invention is used for a vehicle having 
a diesel engine without a throttle valve, the! pressure Pth may be replaced by a pressure which represents 
an amount corresponding to an amount of dperation of the accelerator pedal 478 of the vehicle. In this case, 
the cam 184 is mechanically linked with the accelerator pedal 478, so that the cam 184 is rotated as the 
pedal is depressed. j 

While the illustrated embodiments use ;the THROTTLE sensor 468 to detect the throttle opening angle 
0th as the output of the engine 10 currently required by the vehicle operator, the currently required output 
of the engine 10 may be represented by other variables such as the amount of operation of the accelerator 
pedal 478 and an amount of fuel injection into the engine 10, which replace the throttle opening angle 0th. 

Although the first embodiment of Fig; 1 uses the fourth solenoid-operated valve 346 and the flow 
restrictbr 344 as means for generating the pilot pressure Psol4, this embodiment may also use a linear 
solenoid-operated valve like the valve 500^ used in the embodiment of Fig. 36, which is controlled by the 
electronic control device 460 such that the pilot pressure is continuously changed by changing the 
magnitude of an analog drive sig- ":? applied; to the solenoid coil. 

In the embodiment of Fig. 18. step S3:is provided to compensate the second line pressure P12 for an 
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increase in the pressure of the second hydraulic cylinder 56 due to the centrifugal force during rotation of 
the cylinder. However, this step S3 may be : eliminated, particularly for the power transmitting system for a 
vehicle which is not designed for running at an extremely high speed. 

Step S4 of the embodiment of Fig. 18 npay be modified such that a suitable extra value is added to the 
s optimum pressure Popt. 

While the illustrated embodiments are adapted such that the speed ratio V of the CVT 14 is controlled 
so that the actually detected speed Nin of the input shaft 30 coincides with a determined desired or target 
speed Nin*, it is possible to control the speed ratio "r" so that the actually detected speed ratio V 
coincides with a determined desired ratio V", since the speed ratio V is equal to Nin/Nout. 
10 It is to be understood that the present invention may be embodied with various other changes, 
modifications and improvements, which may occur to those skilled in the art, without departing from the 
scope of the invention defined in the following claims. 

Claims 

15 

1. A hydraulic control apparatus for controlling a hydraulically operated continuously variable transmission 
(14) of a motor vehicle having an engine, said transmission including a first and a second shaft (30, 38), 
a pair of variable-diameter pulleys (40l 42) provided on said first and second shafts, respectively, a 
transmission belt (44) connecting the jpair of pulleys, and a pair of hydraulic actuators (54, 56) for 

20 changing effective diameters of sad pglleys for continuously variably changing a speed ratio (r) of the 
transmission, said hydraulic control apparatus comprising: 

speed-ratio determining means (4^0. 464, 466) for determining a current speed ratio (Pr) of said 
transmission; i 

engine-output detecting means (468) for detecting a currently required output (0th) of said engine 
25 (10); 

a pressure regulating valve (102) including a valve spool (110) which operates depending upon said 
current speed ratio and said currently required output, said pressure regulating valve generating a belt 
tensioning pressure (PI2) for controlling a tension of said transmission belt (44) at a required minimum 
level according to an operation of said valve spool; 

so pilot-pressure generating means ;(344, 346, 500) responsive to an electric signal (lsol4) t for 

generating a pilot pressure (Psol4, PsolL) which is applied to said pressure regulating valve to regulate 
said belt tensioning pressure; and 

an electronic control device (460) ; including a memory for storing a predetermined relationship 
among said current speed ratio, said Currently required output and a basic output pressure (Pmec) of 

35 said pressure regulating valve, said electronic control device including means (S5) for calculating said 
basic output pressure, based on said current speed ratio and said currently required output, according 
to said predetermined relationship, and means (S7) for determining said electric signal to be applied to 
said pilot-pressure generating means to thereby regulate said belt tensioning pressure, based on the 
calculated basic output pressure and an optimum value (Popt) of said belt tensioning pressure (P12) 

40 such that said belt tensioning pressure {coincides with said optimum value. 

I 

2. A hydraulic control apparatus according to claim 1, wherein said pilot-pressure generating means (344, 
346) comprises a solenoid-operated valve (346) which is turned on and off with a controlled duty cycle, 
said electronic control device (460) determining said electric signal (lsol4) such that the pilot pressure 

45 (Psol4) changes with the duty cycle (Ds4) of said solenoid-operated valve. 

A hydraulic control apparatus according to claim 1 or 2, wherein said pressure regulating valve (102) 
has a chamber (136) which receives said pilot pressure (Psol, PsolL) and which is positioned such that 
said valve spool (110) receives sakjl pilot pressure so. that said belt tensioning pressure (PI 2) 
decreases with an increase in said pilot pressure. 

4. A hydraulic control apparatus according to any one of claims 1-3, further comprising means (182, 196) 
for generating a speed-ratio pressure (Pr) indicative of the speed ratio (r) of said transmission (14), and 
means (180) for generating an engine-output pressure (Pth) indicative of the currently required output of 
55 the engine (10), said valve spool (1lti);of said pressure regulating valve (102) receiving said speed-ratio 
pressure and said engine-output pressure such that said belt tensioning pressure (Pi2) increases with 
an increase in said engine-output pressure and decreases with an increase in said speed-ratio 
pressure. 

29 
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5. A hydraulic control apparatus according to claim 4, wherein said electronic control device (460) further 
includes means (464, 468, SI) for determining an output torque (Te) of said engine (10) based on a 
speed (Ne) of said engine and said currently required output (0th), and means (S2-S4) for calculating 
said optimum value (Popt) of said beljt tensioning pressure (P12) based on the determined engine 

5 output torque and said speed ratio (r) determined by said speed-ratio determining means (460, 464, 
466). 

6. A hydraulic control apparatus according to claim 5, wherein said means (S2-S4) for calculating said 
optimum value (Popt) includes means (S3) for calculating an amount of centrifugal increase (Pcfg) in 

70 the pressure (Pout) in one of said pair of hydraulic actuators (54, 56) to which said output torque (Te) is 
transmitted from the other hydraulic actuator, said centrifugal increase occurring due to a centrifugal 
force produced during rotation of said one hydraulic actuator, said means (S2-S4) for calculating said 
optimum value further based on the calculated amount of centrifugal increase (Pcfg). 

rs 7. A hydraulic control apparatus according to clam 5 or 6, wherein said electronic control device (460) 
further includes means (S6) for calculating an amount of reduction (Pdown) by which said basic output 
pressure (Pmec) is lowered to said optimum value (Popt) of said belt tensioning pressure (P*2), by 
subtracting said optimum value from said basic output pressure, said means (S7) for determining said 
electric signal (Psol4) determining said electric signal based on said amount of reduction (Pdown). 

20 

8. A hydraulic control apparatus according to claim 7, wherein said means (182, 196) for generating said 
speed-ratio pressure (Pr) includes a spesed-ratio sensing valve (182) which releases said belt tensioning 
pressure (PZ2) as said speed ratio (r) ofjsaid transmission (14) varies. 

25 9. A hydraulic control apparatus according to claim 8. wherein said means (S7) for determining said 
electric signal (lsol4) comprises means i(S7-1 through S7-5) for selecting one of a plurality of equations 
depending upon a relationship of said speed-ratio pressure (Pr) with said basic output pressure (Pmec) 
and said optimum value (Popt), each qjr said plurality of equations including said amount of reduction 
(Pdown) as a term, said means for determining said electric signal determining said electric signal 

30 according to the selected equation. 

10. A hydraulic control apparatus according to any one of claims 5-9, wherein said means (S2-S4) for 
calculating said optimum value (Popt) includes means (S2-1) for determining whether the determined 
engine output torque (Te) is negative: or not, and selecting one of two equations depending upon 

35 whether the determined engine output torque is negative or not, said means for calculating said 
^— ^> > optimum value calculating.said optimum value according to the selected equation. 

11. A hydraulic control apparatus according to any one of claims 5-10, wherein said electronic control 
device (460) further includes means (S9-1 through S9-7) for adding a predetermined compensation 

40 value (AP) to said optimum value (Popt) calculated by said means (S2-S4) for calculating said optimum 
value, when the vehicle is in the process of starting. 

12. A hydraulic control apparatus according to claim 11, further comprising means (462) for detecting a 
running speed (V) of the vehicle, and wherein said means (S9-1 through S9-6) for adding a predeter- 

45 mined compensation value (AP) determines whether said running speed is between zero to a 
predetermined positive reference value ;(Vo), or not, to determine whether the vehicle is in the process 
of starting. 

13. A hydraulic control apparatus according; to claim 11, wherein said means (S9-1 and S9-3 through S9-7) 
so for adding a predetermined compensation value (WP) determines whether said speed ratio (r) 

determined by said speed-ratio determining means (460, 464, 466) is between a maximum value to a 
predetermined reference value (ro), of not, to determine whether the vehicle is in the process of 
starting. 

55 14. A hydraulic control apparatus according to claim 1, wherein said pilot-pressure generating means 
comprises a linear solenoid-operated v^lve (500) which is activated with an analog drive signal (IsolL) 
as said electric signal, said electronic control device (460) determining said analog drive signal such 
that said pilot pressure (PsolL) changes 'with a magnitude of said analog drive signal. 
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15. A hydraulic control apparatus according to claim 1 or 14, wherein said pressure regulating valve (102) 
has a chamber (136) which receives said pilot pressure (PsoIL) and which is positioned such that said 
valve spool (110) receives said pilot pressure so that said belt tensioning pressure (PX2) decreases 
with an increase in said pilot pressure. . 

5 

16. A hydraulic control apparatus according to claim 4, wherein said electronic control device (460) further 
includes means (464, 468, SS3) for determining an input torque (Tin) of said transmission (14) based 
on a speed (Ne) of said engine (10) and said currently required output (0th), and means (SS5, SS6) for 
calculating said optimum value (Popt) of said belt tensioning pressure (912) based on the determined 

ro input torque (Tin) and said speed ratio (r) determined by said speed-ratio determining means (460 464, 
466). 

17. A hydraulic control apparatus according to claim 16, wherein said means (SS5 f SS6) for calculating 
said optimum value (Popt) comprises means (SS6-1) for calculating based on said currently required 

15 output (9th) an intercept torque value (Tc) when said currently determined input torque (Tin) is zero, 
means (SS6-2) for calculating a positive torque value (T A ) corresponding to a minimum value of a 
modified input torque (Tins), based on said speed (Ne) of said engine (10), means (SS6-3) for 
calculating said modified input torque! (Tins) based on the currently determined input torque (Tin), 
according to a predetermined relationship between said intercept torque value (Tc) and said positive 

20 . torque value (TA), and means (SS6-4) for calculating said optimum value (Popt) of said belt tensioning 
pressure (P12) by using on the calculated modified input torque (Tins) as said currently determined 
input torque (Tin). 

■ . . j 

18. A hydraulic control apparatus according to claim 16, wherein said means (SS5, SS6) for calculating 
25 said optimum value (Popt) comprises rheans (SS6-12) for determining a factor (K2) based on a shifting 

speed of said transmission (14) such that said factor is equal to "0" when said shifting speed is higher 
than a predetermined value, and is efjual to a positive value not larger than "1" when said shifting 
speed is equal to or lower than said predetermined value, and further comprises means (SS6-13, SS6- 
14) for determining said optimum valuej based on the determined factor (K2) as well as said determined 
ao input torque (Tin) and said determined speed ratio (r). 

19. A hydraulic control apparatus according to claim 18, wherein said means (SS6-13, SS6-14) for 
determining a factor (K2) determines said factor such that said factor increases from "0" to "1" as said 
shifting speed decreases from said predetermined value toward "0". 

35 . j 

20. A hydraulic control apparatus according to claim 16, wherein said means (SS5, SS6) for calculating 
said optimum value (Popt) comprises! means (SS6-21) for determining an extra torque value (Tina) 
based on a shifting speed of said transmission (14) such that said extra torque value increases from 
"0" to a predetermined maximum with! an increase in said shifting speed from a predetermined value, 

40 and is equal to "0 W when said shiftihgj speed is equal to or lower than said predetermined value, and 
further comprises means (SS6-22, SS6-14) for determining said optimum value based on the deter- 
mined extra torque value (Tina) as well as said determined input torque (Tin) and said determined 
speed ratio (r). 

45 21. A hydraulic control apparatus according to claim 20, wherein said predetermined maximum of said 
extra torque value (Tina) is determined such that said extra optimum value (Popt) is equal to said basic 
output pressure (Pmec). j 

22. A hydraulic control apparatus according to claim 16, wherein said means (SS5, SS6) for calculating 
so said optimum value (Popt) comprises means (SS6-32) for determining a factor (K3) based on a 

deceleration value (G) of the vehicle such that said factor is equal to "1" when said shifting speed is 
lower than a predetermined value, and decreases with an increase in said deceleration value, and 
further comprises means (SS6-33, SS6-34) for determining said optimum value based on the deter- 
mined factor (K3) as well as said determined input torque (Tin) and said determined speed ratio (r). 

55 j 

23. A hydraulic control apparatus according to claim 16, wherein said means (SS5, SS6) for calculating 
said optimum value (Popt) comprises means (SS6-41) for determining an extra torque value (Tinb) 
based on a deceleration value of the vehicle such that said extra torque value is equal to "0" when said 
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deceleration value is lower than a predetermined value, and increases from "0" to a predetermined 
maximum with an increase in said deceleration value from said predetermined value, and further 
comprises means (SS6-42, SS6-14) Predetermining said optimum value based on the determined extra 
torque value (Tinb) as well as said determined input torque (Tin) and said determined speed ratio (r). 

24. A hydraulic control apparatus according to claim 23, wherein said predetermined maximum of said 
extra torque value (Tinb) is determined ^such that said extra optimum value (Popt) is equal to said basic 
output pressure (Pmec). 

i 

25. A hydraulic control apparatus according to claim 9, wherein said means (S7) for determining said 
electric signal (lso!4) further comprises! means (S7-1010) for determining whether a brake is applied to 
the vehicle or not, and means (S7-12);for turning off said electric signal when the brake is applied to 
the vehicle. 

26. A hydraulic control apparatus according to any one of claims 14-17, wherein said means (182, 196) for 
generating said speed-ratio pressure (P|r) includes a speed-ratio sensing valve (18) which releases said 
belt tensioning pressure (Pi 2) as said speed ratio (r) of said transmission (14) varies. 

27. A hydraulic control apparatus according to claim 16, wherein said electronic control device (460) further 
includes means (SS8-SS12) for determining a modified basic output pressure (Pmec 1 ) of said pressure 
regulating valve (102) as a function of! a variable (Pr') which Is determined such that said variable is 
equal to said optimum value (Popt) if said optimum value is lower than said speed-ratio pressure (Pr), 
and such that said variable is equal to] said speed-ratio pressure if said optimum value is equal to or 
higher than said speed-ratio pressure* j 

28. A hydraulic control apparatus according to claim 27, wherein said electronic control device (460) further 
includes means (SS13, SS14) for determining said analog drive signal (IsolL) based on a difference 
(Pmed 1 - Popt) between said modified tfasic output pressure (Pmec 1 ) and said optimum value (Popt). 

j 

29. A hydraulic control apparatus according to claim 28. wherein said means (SS13, SS14) for determining 
said analog drive signal (PsolL) comprises means (SS13) for calculating said pilot pressure (PsolL) 
based on said difference (Pmec' - P6p\), and means (SS14) for calculating said analog drive signal 
(IsolL) based on the calculated pilot pressure. 

. , i 

30. A hydraulic control apparatus according to claim 29. wherein said means (SS13) for calculating said 
^^E r ^^t^ 0,L) - c 9^|^^ e 4 n f (SS13-1) for . ^pn^a '^negative-torque compensation 
TicEof (K1) depeftdihg upc^saidjrip^ (Tin) such thSffsl^ (K1) is equal to 
"0" when said input torque is a negative value, and is equal to a positive value not larger than "1" 
when said input torque is a positive value, and further comprises means (SS13-2) for determining said 
pilot pressure (PsolL) based on the determined compensation factor as well as said difference (Pmec 1 - 
Popt). f 

31. A hydraulic control apparatus according to claim 30, wherein said means (SS13-1) for determining a 
negative-torque compensation factor (K1) determines said compensation factor such that said com- 
pensation factor increases from M 0 n to : T with an increase in said input torque (Tin) from "0" to a 
predetermined positive value (Ta). 

i 

32. A hydraulic control apparatus according to claim 30, wherein said means (SS13) for calculating said 
pilot pressure (PsolL) comprises means (SS13-11) for determining a factor (K2) based on a shifting 
speed of said transmission (14) such that said factor is equal to "0" when said shifting speed is higher 
than a predetermined value, and is equal to a positive value not larger than "V when said shifting 
speed is equal to or lower than said ^ predetermined value, and further comprises means (SS13-12) for 

■ determining said pilot pressure (PsdlL)lbased on the determined factor (K2) as well as said difference 
(Pmec* - Popt). i 

33. A hydraulic control apparatus according to claim 32, wherein said means (SS13-11) for determining a 
factor (K2) determines said factor suchjthat said factor increases from n 0" to w 1" as said shifting speed 
decreases from said predetermined value toward "0\ 
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34. A hydraulic control apparatus according to claim 30, wherein said means (SS13) for calculating said 
pilot pressure (PsolL) comprises mean's for determining a factor (K3) depending upon a deceleration 
value (G) of the vehicle such that said factor (K3) is equal to "1 " when said deceleration value is lower 
than a predetermined value, and decreases from n 1 n to "0" with an increase in said deceleration value. 
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